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INTRODUCTION 


The results obtained from investigations of physiologic specializa- 
tion in flax rust (Melampsora lini (Pers.) Lév.) during the years 1935 
to 1938, inclusive, have rendered inadequate the key for the identi- 
fication of races presented by the writer in an earlier paper (/)* and 
have vitiated some of the conclusions concerning the prospects for 
developing rust-immune varieties of flax through hybridization. The 
varieties of common flax (Linwm usitatissimum L.) formerly reported 
as immune from all races of flax rust have been found to be suscep- 
tible to one or more of the races collected since 1935. Consequently, 
the number of flax varieties giving a differential reaction to the physio- 
logic races of flax rust (MM. lint) has been greatly enlarged. ‘lhe 
results of investigations made since 1935 are reported in this paper. 


MATERIAL AND METHODS 


Methods of obtaining and propagating collections of flax rust, of 
inoculating and incubating flax plants, and of classifying host reac- 
tions and types of infection were described by the writer in 1935 (1). 
All results reported were obtained on flax plants approximately 30 days 
old, grown in the greenhouse at Fargo, N. Dak., during the winter 
months November to March, inclusive. The greenhouse was kept at 
a temperature of about 14° C. at night and 18° to 20° during the day. 
A light day of 16 hours was maintained during the period of pustule 
formation by supplementing daylight with artificial illumination from 
200-watt Mazda bulbs. Final readings of the classes of host reaction 
and types of rust infection were made 10 to 15 days after inoculation, 
depending upon the effect of temperature and light on the rapidity of 
pustule development. 


EXPERIMENTAL RESULTS 
NEW DIFFERENTIAL VARIETIES OF FLAX 

In order to differentiate the races of Melampsora lini collected since 
1935, it has been necessary to add three varieties, Argentine (C. I. 462),* 
Bombay (C. I. 42), and Ottawa 770 B (C. I. 355), to the former list of 
differential varieties. These three varieties have been either immune 
from or susceptible to every race of rust thus far isolated, under all 
conditions encountered in the greenhouse. 


1 Received for publication February 7, 1940. Cooperative investigations between the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, U. 8. Department of Agriculture, and the North Dakota 
Agricultural Experiment Station. 

? The writer is indebted to A. C. Dillman, associate agronomist, Division of Cereal Crops and Diseases, 
for supplying seed of 150 or more varieties, for the preliminary grouping of varieties as shown in the tables, 
and for a critical reading of the manuscript. The writer is also indebted to A. C. Arny, associate agrono- 
mist, Minnesota Agricultural Experiment Station, and to José Vallega, o ‘the Instituto Fitotéenico, Llav- 
allol, Argentina, for supplying seed of a number of —. 

3 Italie numbers in parentheses refer to Literature Cited, p. 591. 

4C, I. refers to accession number of the Division of Cereal Crops and Diseases. 
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The original strain of Williston Brown (C. I. 803) was lost. This 
strain was susceptible to wilt (Fusarium lini Bolley) and produced 
little seed even under favorable climatic conditions, so that no reserve 
of seed was accumulated. However, several single-plant selections 
from this strain were grown in the greenhouse during the winter of 
1935-36 and from these a strain was secured that has considerable 
wilt resistance in addition to a more resistant reaction to the races of 
rust that were differentiated by the original strain of Williston Brown. 
This new strain (C. I. 803-1) was substituted for the former one. It 
has the necrotic (type 2) reaction to races to which it is resistant, and 
is not completely susceptible to many of the races collected in North 
America. The (type 3) uredia declined normally until they began 
to produce spores. After 2 or 3 days, development stopped, the 
pustules ceased to sporulate, and the leaves dried up. To other races it 
was highly susceptible; the uredia produced spores profusely for a 
period of 10 days to 2 weeks. 


VARIABILITY IN REACTION OF DIFFERENTIAL VARIETIES OF FLAX 


It has been customary in classifying rust reaction of crop plants 
growing under field conditions to take into consideration both the 
type and the number of pustules. Myers (6) and Vallega (9) followed 
this method in their classifications of the rust reactions of flax varieties. 
However, Hart (2) has shown that environmental conditions such as 
the temperature during the period the plants are in the moist chamber, 
the temperature during the remainder of the incubation period, and 
any condition that affects the vigor of the host plant, such as light 
intensity, temperature, moisture, and mineral nutrition, may alter not 
only the type but also the number of pustules. These conclusions of 
Hart have been verified repeatedly in studies made by the writer. In 
addition, it was observed that apparently identical changes in environ- 
mental conditions produced variable responses in different varieties 
and that the amount and viability of the inoculum affected the reaction 
of some varieties. The impracticability of accurately controlling the 
amount of inoculum, and the difficulties in spreading the spores evenly 
over all the inoculated areas and of rigidly controlling all phases of 
the environment to which the plant is subjected following inoculation 
render an attempt to classify degrees of resistance and susceptibility 
ineffectual. Attempts to differentiate too finely between degrees of 
resistance and susceptibility may lead to confusion and to a misunder- 
standing of results obtained at different localities or under variable 
conditions. A record of observations made on the reactions of the 
differential varieties when grown under a range of seasonal conditions 
in the greenhouse at Fargo may assist in the interpretation of results 
obtained in other localities. 

The data presented in this paper were obtained during the winter 
months under the conditions previously described. However, the 
reaction range of the Tilecentiol ‘vexioties to races of Melampsora lini 
collected locally has been studied throughout the year. On the basis 
of these studies with the 24 races of M. lini thus far differentiated, the 
differential varieties have been divided into 4 groups according to the 
stability of their general reaction under varying conditions and the 
range of their reaction to given races. These groups are as follows: 
(1) Stable reaction, always either immune or susceptible; (2) slightly 
variable reaction, immune, resistant, or susceptible; (3) slightly vari- 
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able reaction, a wide and almost continuous reaction range with many 
intermediates; and (4) variable and often intermediate reaction, a 
wide reaction range with certain races. 

The differential varieties classed as having stable reaction have been 
either immune from or susceptible to every race of rust thus far isolated 
under all conditions and consequently have made ideal differentials. 
These varieties are J. W.S.° (C. I. 708-1) and three varieties, namely, 
Argentine (C. I. 462), Bombay (C. I. 42), and Ottawa 770 B (C. I. 
355), that have been added to the list of varietal testers in order to 
differentiate the new physiologic races of rust. 

The three varieties placed in the group having a slightly variable 
reaction have been immune, resistant, or susceptible to each of the 24 
races of flax rust and have been satisfactory as differentials under all 
seasonal conditions. These varieties, Abyssinian (C. I. 701), Akmo- 
linsk (C. I. 515-1), and Williston Golden (C. I. 25-1), have the chlo- 
rotic type of resistance (type 1) in which the uredia are minute to small 
and scattered in chlorotic areas of the leaves with but little necrosis 
of adjacent tissue. The distinction between susceptible and resistant- 
to-immune reaction in Abyssinian and Akmolinsk has been so wide 
under all conditions that there has been no difficulty in classifying 
their reaction. Under very favorable growing conditions for flax, the 
resistant-minus reaction (type 1 to 1+) of Williston Golden ap- 
proached a susceptible-minus reaction (type 1-++ to 3) but did not 
approximate it closely enough to be confusing. 

Buda (C. I. 270-1), the only differential variety placed in the third 
group, had the most diverse reactions of all varieties tested. Its 
reaction range extended from immunity, through most of the inter- 
mediate stages, to a high degree of susceptibility. However, its range 
of reaction to any single race of rust was relatively narrow. Under 
adverse conditions for growth of flax the infection type on Buda some- 
times approached that next lower in the scale of susceptibility. When 
conditions were such that the plants were growing thriftily, no diffi- 
culty due to seasonal conditions was encountered in identifying races 
differentiated by Buda. 

The differential varieties in the fourth group had, to many races of 
rust, an intermediate reaction that was sensitive to changes in environ- 
mental conditions, so that considerable care was necessary in dif- 
ferentiating between degrees of resistance or susceptibility. To the 
races that they differentiated, these varieties had a relatively stable 
reaction. Two of these varieties, Kenya (C. I. 709-1) and Williston 
Brown (C. I. 803-1), had the necrotic type of resistance (type 2), in 
which the inoculated areas of the leaves became necrotic before the 
uredia were fully developed and the incompletely developed pustules 
were usually aggregated near the margins of necrotic areas. Isolated 
pustules were usually well developed but became prematurely sur- 
rounded by a necrotic zone. The reaction of “pale blue crimped’’ 
(C. I. 647) to races to which it had an intermediate infection type was 
peculiar in that this variety became more resistant when growing 
vigorously under favorable conditions and more susceptible when 
weakened or retarded by unfavorable growing conditions. 

The reaction of Argentine (C. I. 705) to races 1 to 14, inclusive, has 
been tabulated (1); but, since this variety had the variable reaction 


5J. W.S. are the initials of J. W. Stewart, the originator of the vous. 
6 The word “crimped” is here used to describe the petal margins, which are incurved and somewhat wavy. 
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of group 4 and since it has not been necessary to use it in the key for 
the identification of physiologic races, it has been dropped from the 
list of differential varieties. 


NEW PHYSIOLOGIC RACES OF FLAX RUST 


Ten physiologic races of flax rust, in addition to the 14 previously 
described by the writer (1), have been differentiated by the type of 
infection produced on 11 varieties of cultivated flax.? All varieties 
that have been tested, including many that formerly were considered 
immune from flax rust (/, 3, 4, 6), have been found susceptible to 1 or 
more of the races isolated since 1935. A revised key to the races of 
Melampsora lini follows. 

Kry 
Buda _ resistant: Buda susceptible: 
Williston Golden resistant: Williston Golden resistant: 
Akmolinsk resistant: Race Akmolinsk resistant: 
Williston Brown resistant _ 10 J. W.S. resistant: 
Williston Brown suscepti- Kenya resistant______- 
eae eee 1 Kenya semiresistant _ _- 
Akmolinsk susceptible: J. W. S. susceptible 
J. W. 5S. resistant i Akmolinsk susceptible: 
J. W. 8. susceptible ____- J. W. &.-resistant__.-..—. 
Williston Golden susceptible: J. W. S. susceptible 
Akmolinsk resistant: Williston Golden susceptible: 
“Pale blue crimped’ re- Akmolinsk resistant: 
MMe ce J. W.S. resistant: 
“Pale blue crimped”’ sus- Bombay resistant 
a ee Seana Bombay susceptible _ _ _ 
Akmolinsk susceptible _ _ - - - J. W. S. susceptible______ 
Buda semiresistant: Akmolinsk susceptible: 

Williston Golden resistant: J. W. S. resistant: 

Akmolinsk resistant: Ottawa 770 B resistant 


J. W. S. resistant Ottawa 770 B suscepti- 
J. W. S. susceptible_____- 15 


Akmolinsk susceptible: J. W. 8S. susceptible ___- 
Abyssinian resistant 3 
Abyssinian susceptible _ _- 18 

Williston Golden susceptible: 

Akmolinsk resistant 14 

Akmolinsk susceptible 23 





The characteristic reaction of seedling plants of 11 differential flax 
varieties inoculated with 24 physiologic races of Melampsora lini and 
grown in the greenhouse during the winter months at Fargo, N. Dak., 
is given in table 1. 

It will be noted in table 1 that several of the races of flax rust isolated 
since 1935 have a wider varietal range than any of the 14 races previ- 
ously described (1). The races of rust having greater virulence, as 
measured in terms of the number of differential varieties on which they 
produced a susceptible reaction, were obtained from Minnesota, North 
Dakota, Oregon, and South America. 

Three of the six newly differentiated races of flax rust, collected in 
Minnesota or North Dakota, were more virulent than any of the races 
previously collectéd in this area. Race 16 was the first one isolated 
to which Buda, Akmolinsk, and J. W. S. were all susceptible and the 
first race collected in this area to which Abyssinian was not resistant. 

7 Since the preparation of this manuscrint, two reports of work done by Straib in Germany have been 
published (7, 8). Straib differentiates eight physiologic races apparently different from those previously 
described by the writer. While several of his new races resemble somewhat certain races described in the 


present paper, the exact interrelations of these cannot be determined at present since he varied the 
technique employed by the writer and used additional host testers. 
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Race 23 was the only one collected in the midwest seed-flax-producing 
area to which both Williston Golden and Akmolinsk were susceptible. 

Bombay, which had been immune from every rust collection previously 
tested, was susceptible to race 24, collected in North Dakota in 1938. 
Races 15, 17, and 18 had only minor differences in reaction from those 
previously described. Both Buda and Williston Golden were more 
resistant to race 15 than to race 9. The resistance of Akmolinsk dif- 
ferentiated race 17 from race 3. The moderate susceptibility of 
Abyssinian to race 18 differentiated this race from race 3. 

The single uredial collection obtained from Oregon, designated race 
21, produced a susceptible or semiresistant reaction on all the differen- 
tial varieties previously used (1). The three added differentials, 
Argentine, Bombay, and Ottawa 770 B, were immune from race 21. 
This was the only North American race, with the exception of race 
8, collected in Oregon in 1934, to which Abyssinian was highly 
susceptible. 

Physiologic races 19, 20, and 22, obtained only from South America, 
possessed infection potentialities. distinct from all North American 
races. Every variety used in differentiating physiologic races of flax 
rust was either highly susceptible to or immune from these South Amer- 
ican races. The Argentine flaxes, formerly considered immune from 
rust (1, 2, 3, 4, 6), were highly susceptible to races 19, 20, and 22. 
Bombay, J. W. S., and Ottawa 770 B were immune from race 19; 
Bombay, Buda, J. W. S., and Ottawa 770 B were immune from race 
20; and Bombay and J. W. S. were immune from race 22. The fact 
that race 22 was found able to attack Ottawa 770 B, which is immune 
from all other races, is of special importance, as previously this variety 
had been used as a rust-immune parent in breeding immune varieties 
of flax in the United States (4). Bombay and J. W. S. were found to 
be immune from all three races of rust from South America. However, 
Bombay was susceptible to race 24, from North Dakota, and J. W. S. 
was susceptible to several other North American races. 

Buda was previously reported (1) resistant to race 7, but in subse- 
em tests has been consistently immune, and it is so classified in 
table 1. 





GEOGRAPHIC DISTRIBUTION OF RACES OF FLAX RUST 


Although no systematic survey has been made for the collection and 
identification of physiologic races of Melampsora lini, determinations 
have been made of collections from various sources. During the 
4-year period from 1935 to 1938, 81 race determinations were made 
in North American urediospore collections. In addition, race deter- 
minations were made on two collections of viable telia obtained from 
South America. Germinating teliospores were used to inoculate flax 
plants and aecia were developed. A susceptible variety, Bison (C. I. 
389), was inoculated with aeciospores from a single aecium, and race 
determinations were then made by using the urediospores ‘thus pro- 
duced to inoculate the differential varieties. From one of these telial 
collections two physiologic races were identified, and from the other 
collection four physiologic races were identified. 

Physiologic races 1 to 18, inclusive, and 21, 23, and 24 were obtained 
from different localities in North America, ‘and races 19, 20, and 22 
were obtained from South America. The distribution of these races 
and the number of times each race was collected in each location are 
shown in table 2. 
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There appeared to have been little change since the earlier report (1) 
in the races of rust that predominated in the midwest seed-flax-pro- 
ducing area. The ones with a more limited varietal range continued 
to be predominant, although there were races present that had a 
wider varietal host range. Since the principal commercial seed-flax 
variety, Bison, is susceptible to all known races of flax rust, there 
proba ly was no natural selective survival going on among the more 
widely virulent strains, such as might take place if a variety were 
grown that was resistant to the present prevailing races but susceptible 
to those races having a wider varietal range. 

Races 19 and 20 were segregated from a telial collection obtained 
from Uruguay. ‘These 2 races also predominated in the aecial isolates 
made from the telial collection received from Argentina, and races 3 
and 22 also were obtained from these latter isolates. Races 19, 20, 
and 22 were obtained only from South America and therefore special 
care was taken to prevent their escape from the greenhouse. Tests 
were conducted ar during the winter months and all plant parts, 
pots, and soil were Semund before being discarded. 

In 1938, a uredial collection sent from a Texas flax field sown with 
Bison seed obtained from North Dakota was identified as race 14. 
This race was prevalent in Minnesota and North Dakota flax fields 
the preceding year and the Texas infection probably originated from 
telia sown with the seed. 

Race 24 was isolated from a row of heavily rusted Bombay sown 
in the field at Fargo, N. Dak., in 1938. This seed was obtained from 
José Vallega, who reported this variety immune in Argentina (9). 


REACTION OF VARIETIES OF FLAX 


One of the objects of a study of physiologic specialization in para- 
sitic organisms is to facilitate the production of immune or resistant 
varieties of crop plants. A knowledge of the regional and world-wide 
reaction of the parental material to the disease-producing organism is 
essential, especially when the highly specialized rusts are involved. 
In the data presented in an earlier paper (/), based on a study of 
North American collections of Melampsora lini, so few of the flax va- 
rieties showed differential response to the physiologic races then iso- 
lated that it was considered more desirable, in recording the reaction of 
varieties, to list them according to type of flax rather than according 
to their response to the different races of flax rust. The varietal 
specificity of several of the more recently isolated races of flax rust has 
made it desirable to group the flax varieties on the basis of their 
differential reaction to the races of rust thus far isolated. On this 
basis the 201 varieties and strains of flax that have been tested with 
the 16 principal physiologic races, Nos. 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 19, 
20, 21, 22, 23, and 24, have been grouped as follows: (1) Varieties and 
strains susceptible to all these races; (2) those having the specific im- 
munity of (a) Argentine, (b) Ottawa 770B ,(c) J. W.S., and (d) Bombay; 
(3) those having varying degrees of resistance and susceptibility ; and 
(4) those too heterogeneous to classify as to predominant type of 
reaction. The several races that were not included have pathogenic 
properties differing but slightly from one or more of those used in 
these tests and the additional information would not have warranted 
the increased cost in time and effort their use would have entailed. 
Cases where the variety was not pure for rust reaction and instances 
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where a variety consistently exhibited an intermediate type of reac- 
tion have been noted. 

The varieties and strains of flax predominantly susceptible to all 16 
physiologic races of Melampsora lini that were used are listed in the 
following tabulation. Of the 201 varieties and strains of flax tested, 
91 were in this group. 


Varieties of flax susceptible to physiologic races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 19, 20, 
21, 22, 23, and 24 of Melampsora lini and immune from none 


Group and variety C.I. No. 
Dehiscent flax (Linum usitatissi- 
mum crepitans) : 
From Siberia 
From Germany 
From Ukraine 


Group and variety C.I. No, 
Seed flax—Continued. 
Petals broad, flat—Continued. 
American and European—Con. 
Pink-flowered: 
Deep pink 
oO Long No. 4 
Seed flax (Linum usttatissimum): Long No. 66 
Petals broad, flat: Do 
Abyssinian: Long No. 83__------ ie 
Abyssinian Yellow-seed _ 36 Pale pink 
Abyssinian Do 
D i Pale pink (M25-228) __ 


Abyssinian from Egypt- 
Abyssinian from Kenya, 
Kast Africa 
American and European: 
Blue-flowered: 
Cy 
Bolley No. 32-1823___. 


Minnesota 25-410_ 
Minnesota 25-202__ 
Minnesota 25-221 
Minnesota 25-245 
Minnesota 25-107 
Minnesota 25-241 
North Dakota Resist- 

Bot’ o 
North Dakota Resist- 

BO Beis onc 
North Dakota Resist- 

POOR DC CORRS ERS eters 
North Dakota Resist- 

BGT Peg ee RD 
North Dakota Resist- 

CES a, SSE ey abeinemte | | 
North Dakota 40016... 428 
Pale gat 387-1 


Argentine X Saginaw _ __ 
White-flowered: 


Ottawa white-flowered. 
Tammes white 

Tammes white, type10_ 774 
Tammes yellow seed_._ 331 
Tammes yellow seed, 


See footnotes at end of table. 





Tall pink 

Tammes pink 

Tammes pink, type 8_- 
Tammes deep pink - - _- 
Tammes deep pink, 


De Ranares oo 
Klein 10 e 

Rosario 

Indian: 
Howard and Khan (4): 
var. lutewm, type 1__-_- 
var. cyaneum, type 8__- 
var. purpureum, type 
11 


var. album, type 15___- 
var. agreste, type 22___ 
var. meridionale, type 


var. pratense, type 28 __ 
Russian: 


Crimean (No. 2287) § ae 

Fergana (No. 401) 5 

Novelty 

Samarkand (No. 2238)5_ 

Hybrid: 
Petals narrow, margins 

incurved or crimped: 

Crimped white (Minn. 
25-125) 

Crimped white (Minn. 
29-55) 

Ottawa 829-C 

Pale blue 

Tammes crimped white_ 

Tammes crimped white, 
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Varieties of flax susceptible to physiologic races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 19, 20 
21, 22, 23, and 24 of Melampsora lini and immune from none—Continued 


Group and variety C. I. No. Group and variety C. I. No. 

Seed flax—Continued. Fiber flax—Continued. 
Petals broad, flat—Con. Blue-flowered—Con. 
Hybrid—Continued. Lira] Crown 
Petals narrow, etc.—Con. 
Tammes type 12 (seeds 
brown) 7 Stormont Cirrus____-_- 

Stormont Gossamer___. * 883 

Fiber flax (Linum usitatissimum): White-flowered: 


Blue-flowered: ON ET ae er 
Althausen_-_.______- Concurrent. 
D 


Dalgonetz 5 Minnesota 25- Ges pe 
Pinnacle 

Hercules Saginaw white 

J. W.S : 





1 Some plants resistant to or immune from each race. 

? Susceptible (S—) to most North American races. S— denotes a susceptible-minus host reaction in 
which the uredia are large but less abundant than ina susceptible reaction and in which there is considerable 
distortion and chlorosis or necrosis of the infected leaf tissues. 

3 Some plants resistant to or immune from North American races. 

4 Susceptible (S—) to race 10. 

5 Obtained from Dr. N. I. Vavilov, Union of Soviet Socialist Republics, in March 1930. 

6 Some plants immune from all races except race 22. 

7 F, I,= Fiber investigations. 


While there was no absolute correlation between flax type and rust 
reaction, there appeared to be definite relationships. The four strains 
of dehiscent flax (Linum usitatissimum var. crepitans Bonningh. ) were 
uniformly susceptible. Most American and European seed flax varie- 
ties, as well as most fiber flax varieties, were susceptible to all races of 
rust. However, there were a few varieties in these groups that pos- 
sessed resistance to or immunity from certain races. Several varie- 
ties of Abyssinian and of Indian type were highly susceptible, as also 
were a number of varieties having narrow incurved or crimped petals. 
Most of the Argentine and Russian flaxes listed as predominantly 
susceptible were not pure for rust reaction and contained varying 
percentages of plants immune from North American races but suscep- 
tible to races 19, 20, and 22 from South America. 

It is possible that some of the varieties listed as susceptible to all 
races may give a differential reaction when tested with additional 
races of rust. No European rust collection has been tested, but the 
report by Henry (3) that flax varieties resistant or immune in The 
Netherlands were susceptible in Minnesota would indicate the exist- 
ence of varieties susceptible to North American races but resistant 
to or immune from some European races. The variety Rosario 
(C. 1. 316) and two selections of ‘pale pink” (C. I. 173-1 and 173-3) 
that formerly were reported (1) as resistant to North American races 
have been found to be somewhat susceptible and have been included 
among the susceptible varieties listed in the tabulation on pages 583-584. 

It has been pointed out that four of the differential varieties, 
Argentine, Bombay, J. W. S., and Ottawa 770 B, have been either 
immune from or susceptible to each of the 24 races of flax rust. The 
reaction of these varieties suggests that each possesses a factor or 
factors for immunity from certain races of rust not common to the 
other three varieties. The studies that have been made on the 
inheritance of immunity from rust in flax bear this out. Henry (4) 
found that immunity from races of North American rust was pac ed 
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and conditioned by a single factor in the varieties Bombay and Ottawa 
770 B and by two factors in a selection of Argentine type. Myers (6) 
verified Henry’s results in regard to Ottawa 770 B. He also found 
that the immunity of an Argentine flax (C. I. 712) could be explained 
by assuming the existence of two dominant factors governing rust 
reaction, one factor determining immunity and the other near- 
immunity from a North American rust collection. Unpublished data 
obtained by the writer have shown that immunity in J. W. S. is con- 
ditioned by a single dominant factor. Flax varieties having rust reac- 
tions similar to that of each of the differential varieties Argentine, 
Ottawa 770 B, J. W.S., and Bombay have been grouped in the follow- 
ing tabulations to facilitate inventories of potential parental material 
for breeding rust-immune flax. 

Flaxes of Argentine type were immune from all North American 
rust collections but highly susceptible to races 19, 20, and 22 from 
South America. Varieties having either or both of the factors for 
immunity or near-immunity from North American rusts as found by 
Henry (4) and Myers (6) are in this group. Most of these varieties 
are definitely of the Argentine type or hybrids in which an Argentine 
type of flax was a parent. However, three pink-flowered American 
seed flaxes, one Indian, three Mediterranean, and two Russian type 
flaxes had the rust reaction characteristic of Argentine type varieties. 
Varieties and strains having the reaction of the Argentine type flaxes 
are listed in the following tabulation. 


Varieties of seed flax (Linum usitatissimum) susceptible to physiologic races 19, 20, 
and 22 of Melampsora lini, and immune from races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 
21, 23, and 24 


Group and variety C.I. No. Group and variety 
American and European: Indian: 

Pink-flowered: Howard and Khan (4): 
Bolley Golden 1 644 var. pulchrum, type 34 
Bolley No. 32-1822 750 | Mediterranean: 

Smoky Golden 751 Beladi 
Argentine: 

Argentine (N. Dak. 1742)__ 1342 

Argentine (Minn. 25-343) _ - 

Argentine (Minn. 25-341) _- 

Argentine (Minn. 25-362) _ - 

Argentine (Minn. 25-330) - - Hybrid: 

Argentine (Minn. 25-361-1) Argentine < Saginaw 

Argentine (Selection C. I. Do 

379-3) 

Argentine (Minn. 25-323) - - 

Biglow 

OE ES ER ae Sea ee ag 

Gh GRR ip ieee aaa 


Light Mauve. 
Lineta Z 195______- GA Bolley 37-5310 

i Bolley 37—5242__ “ 
Natural hybrid, ‘Rosario _- 
a Bison X< (160 4 





179 18 
Selection (19 X 112) X 19. 819 


See footnotes at end of table. 
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Varieties of seed flax (Linum usitatissimum) susceptible to physiologic races 19, 20 
and 22 of Melampsora lini, and immune from races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 
21, 23, and 24—Continued 


Group and variety C.1. No. Group and variaty C. I. No. 
Hybrid—Continued. Hybrid—Continued. 
—— of C. I. 385 (19 X Selection of C. I. 385 (19 


1 Some plants resistant to North American races. 

2 Some plants resistant or susceptible to North American races. 
3 Resistant to races 16, 21, and 23. 

4 Some plants resistant to all races except 22. 

5 Resistant to North American races. 

6 Some plants immune from races 19 and 20. 

7 Some plants susceptible to North American races. 


The high proportion of varieties having the Argentine type of rust 
reaction, but not pure for immunity from North American races of 
flax rust, may be due (1) to a relatively high percentage of natural 
crossing in these varieties or (2) to an immune and to a near-immune 
or resistant factor for rust reaction, as pointed out by Myers (6). 

The varieties with the reaction of Ottawa 770 B, i. e., immune from 


all races except race 22 from South America, are listed in the followi ing 
tabulation. 


Varieties of seed flax (Linum usitatissimum) susceptible to physiologic race 22 of 
Melampsora lini, and immune from races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 17, 18, 19, 
20, 21, 23, and 24 


Group and variety C. I. No. Group and variety C.I. No. 
Petals broad, flat: | Petals narrow, ete.—Continued. 
Argentine: | Minnesota hybrids—Con- 
Bolley 37-5012 | tined. 
Klein 11—o | Saginaw X Ottawa 770 B— 
Lineta Z 176 Continued. 
Pergamino selection 
Tammes pale blue 
Petals narrow, margins incurved 
or crimped: 
Ottawa 770 B 
Minnesota hybrids: 
tine X Ottawa 770 B__-- 





1 Some plants susceptible to all races. 
2 Some plants susceptible to races 19 and 20. 


Most of these varieties were hybrids in which Ottawa 770 B was a 
parent. The origin of Tammes pale blue and of the four varieties 
from Argentina having rust reaction similar to that of Ottawa 770 B 
was not available. 

The four varieties that were immune from the same physiologic 
races as the differential selection of J. W. S. are listed in the following 
tabulation. 
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Varieties of flax (Linum usitatissimum) susceptible to physiologic races 7, 9, 16, and 
21 of Melampsora lini, and immune from races 1, 2, 3, 4, 5, 8, 10, 19, 20, 22, 23, 
and 24 

Group and variety C. I. No. | Group and variety C.I. No. 

Seed flax: Fiber flax: 

Petals broad, flat: Blue-flowered: 
Italia Roma J.W.S 
Tammes light blue 
Tammes light blue, type 2_- 


1 Not highly susceptible to races 7, 9, 16, and 21. 


Tammes light blue types were identical and pure for rust reaction. 
Italia Roma (C. I. 1005), in addition to being immune from the races 
to which the J. W. S. selection and Tammes light blue types were 
immune, was somewhat resistant to the races to which these varieties 
were susceptible. The reaction of Italia Roma suggested that it had 
a modifying factor for resistance in addition to - factor for immu- 
nity possessed by the differential strain of J. W.S 

he eight varieties listed in the following tabulation had previously 
been considered immune from all races of flax rust but were suscep- 
tible to race 24 found in field plots at Fargo, N. Dak., in 1938. These 
are all Indian types or hybrids in which an Indian ‘ty e flax was a 
parent. The 12 varieties listed in the following tabulation and in 
that immediately preceding were the only varieties tested that were 
not predominantly susceptible to race 22 from South America. 


Varieties of seed flax (Linum usitatissimum) susceptible to race 24 of Melampsora 
lint, and immune from races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 19, 20, 21, 22, and 23. 
Group and variety C.I. No. Group and variety C.I. No. 
Indian: Hybrid: 
Howard and Khan (4): Saginaw X Bombay 
var. minor, type 29 Vallega 2181-1 
var. commune, type 46__- 
var. commune, type 48--_- 
var. commune, type 53--- 
42 
20 


The varieties that had reactions intermediate between ‘‘immune’”’ 
and “‘susceptible’’ to one or more races of Melampsora lini are listed in 
table 3. The seven differential varieties that were neither immune 
from nor susceptible to each race are included in this table. Two 
selections of Buda * (19112) (C. I. 821 and 826) had reactions 
identical with those of the differential line of Buda. The reaction of 
Abyssinian (C. I. 511) was similar to that of the differential selection 
of Akmolinsk (C. I. 515-1). The other varieties listed in table 3 
deviated from each of the differential varieties in their reaction to one 
or more physiologic races of rust. This suggests that these varieties 
possess factors or combinations of factors modifying rust reaction not 
possessed by any of the 11 differential varieties listed in table 1. It is 
probable that several of these varieties may be of value in differenti- 
ating new physiologic races of flax rust. 

The reaction to North American races of rust of several varieties 
listed in table 3 was found to be affected by small variations in environ- 
ment and thus was extremely variable. The reactions of “‘pale pink” 
(C. I. 649), Indian type 55, “pale blue” (C. I. 176), and ‘“‘pale blue 
crimped” (C, I. 647) were especially subject to modification by a vari- 
able environment. 
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The varieties in which the rust reaction was so mixed that it was 
difficult to determine the predominant reaction with each race are 
listed in the following tabulation. Six of the 11 varieties listed in this 
table were pure for susceptibility to South American races 19, 20, 
and 22. 


Varieties of seed flax (Linum usitatissimum) too we aK to classify as to predom- 
inant type of reaction to physiologic races 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 19, 20, 21, 22, 
23, and 24 of Melampsora lini in greenhouse tests 


Group and variety C. I. No. Group and variety 
Mediterranean: Hybrid: 
Bolley (37-5066) 
Long No. 125 
Reserve X Morye (19X112).- 
Tammes, type 1 (common 
bl 


Winter: 
Roman Winter 
1 Susceptible to races 19, 20, and 22. 


2 Susceptible to races 19, 20, 21, and 22. 
3 Some plants immune from each race. 





DISCUSSION 


The production of rust-immune varieties of flax has been rendered 
more difficult by the discovery of new physiologic races of Melampsora 
lint to which all the varieties that had previously been considered 
immune were susceptible. Henry (3) noted that certain strains of 
Argentine flax, strains of Williston Golden, several varieties obtained 
from India, and Ottawa 770 B were immune in tests made in Minne- 
sota. In his hybridization studies, he used selections of Argentine, 
Ottawa 770 B, and an Indian variety, Bombay, as supposedly rust- 
immune parents. In tests reported upon in this paper, all strains of 
Williston Golden were found to be highly susceptible to several races 
of flax rust prevalent in North America, while Bombay and several 
other Indian flaxes that were previously considered to be immune 
were susceptible to race 24 collected at Fargo, N. Dak. Ottawa 770 B 
and certain Argentine strains were immune from all races collected in 
North America but were susceptible to race 22 from South America. 
All of Henry’s supposedly rust-immune hybrid strains that have been 
tested by the writer have been found to be susceptible to certain races 
and to have the reaction of the supposedly rust-immune parent. 
Myers (6) used Newland (C. I. 188) and a strain of Bolley Golden 
(C, I. 644), in addition to Ottawa 770 B and an Argentine selection, 
as immune parents in his studies on inheritance of rust reaction in flax. 
In the present studies all of these varieties were found to be suscep- 
tible to race 22 and also, with the exception of Ottawa 770 B, to races 
19 and 20 from South America. Not one of the 201 varieties tested 
was immune from or resistant to all of the 24 races of flax rust thus 
far differentiated. These varieties had been selected for testing 
because of their diverse morphologic type, their agronomic importance, 
or their reported resistance to or immunity from rust. While all 
possibilities have not been exhausted there is a basis for doubt as to 
the existence of a variety of common flax immune from all races of 
rust. 

There is a possibility, however, that a variety immune from all 
races of flax rust could be developed by hybridization. The varieties 
that apparently have the same factor for immunity as J. W. S. and 
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those that apparently have the same factor as Bombay were immune 
from races to which the Argentine type flaxes and Ottawa 770 B were 
susceptible. The latter varieties were, in turn, immune from those 
races of rust to which J. W. S. or Bombay were susceptible. No data 
exist as to combining in one variety these factors for immunity. 
Myers (6) found in a cross between two immune varieties, Newland 
and Ottawa 770 B, that immunity was conditioned by a single dom- 
inant factor in each variety and that the factors in the two varieties 
were not allelic. In the cross between the immune varieties Ottawa 
770 B and Argentine selection (C. I. 438), his results suggested that 
C. I. 438 carried the same factor that conditioned immunity to Ottawa 
770 B and also a factor for resistance that was allelic to the factor for 
immunity carried by Newland. The susceptibility of C. I. 438 to 
races 19 and 20, and the immunity of Ottawa 770 B from these races 
would indicate that Myers’ suggestion of identical factors for immu- 
nity in these two varieties was not correct. The factor for immunity 
from the North American rusts used by Myers in C. I. 438 was prob- 
ably allelic to the factor for immunity from North American rusts 
and races 19 and 20 from South America in Ottawa 770 B. This 
difference between the immune factors in these two varieties would 
not be apparent with the rusts used by Myers. If the factors for 
immunity carried by either Bombay or J. W. S. are not allelic to the 
factor for immunity carried by either Ottawa 770 B or Newland, it 
should be possible to develop a variety immune from all the known 
races of Melampsora lini. 

There is a relatively wide range of flax varieties and types available 
for parental material having the resistance of the Argentine differ- 
ential. Varieties in this group included American pink-flowered seed 
flaxes and Argentine, Indian, Mediterranean, Russian, and hybrid 
types. Choice of varieties available for parental material having the 
factors for immunity of the other three immune groups is relatively 
limited. Of the 20 varieties and selections having the immune reaction 
of Ottawa 770 B, 13 were Ottawa 770 B hybrids. Only 4 varieties 
had the immune reaction of J. W. S. Two of these were apparently 
identical strains of Tammes light-blue type 2. All 8 varieties that 
had the immune reaction of Bombay were Indian type flaxes or hybrids 
in which an Indian type flax was a parent. 

Even if it is found possible to develop a strain of flax immune from 
all known races of Melampsora lini, the possibility of the rust hybrid- 
izing and developing a new race capable of attacking the immune flax 
should not be overlooked. In temperate regions, flax rust overwinters 
in the telial stage and the initiation of infection in the spring is depend- 
ent upon a natural hybridization process. It appears desirable to 
determine the inheritance of the factors governing different degrees of 
pathogenicity in the rust organism as well as those governing immunit 
in the host. Until this is done it seems desirable to exercise all 
possible precautions against the establishment in North America of 
the races attacking Ottawa 770 B, Newland, and Argentine flaxes. 
Similar precaution should be taken against the establishment in South 
America of races attacking Bombay and J. W. S. 


SUMMARY 


Ten new physiologic races of flax rust (Melampsora lini), in addition 
to the 14 previously reported, have been identified by the reaction of 
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11 varieties of flax. To differentiate the new races it was necessary 
to add 3 varieties, previously considered immune from rust, to the 
list of host testers. These are Argentine (C. I. 462), Bombay (C. I. 
42), and Ottawa 770 B (C. I. 355). 

All of the 201 varieties and strains of flax tested were susceptible 
to 1 or more of the 24 physiologic races of Melampsora lini that have 
been identified. These varieties and strains were selected for testing 
because of their diverse morphologic type, their commercial possibil- 
ities, or their reported resistance to or immunity from flax rust. 
Flaxes of Argentine type and Ottawa 770 B remained immune from 
all races of rust collected in North America but were susceptible to 
one or more of the races from South America. 

Bombay and J. W. S. were immune from the races of rust obtained 
from South America but were susceptible to one or more of the North 
American races. 

Pathogenicity tests indicate that each of the differential varieties 
Argentine, Bombay, J. W. S., and Ottawa 770 B possesses distinct 
factors governing immunity from specific races of flax rust. Of 201 
varieties tested, 48 had the reaction of Argentine, 8 the reaction of 
Bombay, 4 the reaction of J. W. S., and 20 the reaction of Ottawa 
770 B to 16 physiologic races of Melampsora lini. 

The races of flax rust with a rather limited varietal range continued 
to predominate in the seed-flax-producing area of the Midwest despite 
the presence of a number of the races possessing a wider varietal range. 


LITERATURE CITED 
(1) Fror, H. H. 
1935. PHYSIOLOGIC SPECIALIZATION OF MELAMPSORA LINI ON LINUM 
USITATISsSIMUM. Jour. Agr. Res. 51: 819-837, illus. 
(2) Hart, HELEN. 
1926. FACTORS AFFECTING THE DEVELOPMENT OF FLAX RUST, MELAMPSORA 
LINI (PERS.) Liv. Phytopathology 16: 185-205, illus. 
(3) Henry, A. W. 
1926. FLAX RUST AND ITs conNTROL. Minn. Agr. Expt. Sta. Tech. Bul. 36, 
20 pp., illus. 





(4) 
1930. INHERITANCE OF IMMUNITY FROM FLAX RUST. Phytopathology 20: 
707-721, illus. 
(5) Howarp, GABRIELLE L. C., and KHan, ABDUR RAHMAN. 
1924. STUDIES IN INDIAN OIL SEEDS NO. 2. LINSEED. India Dept. Agr. 
Mem., Bot. Ser. 12: 135-183, illus. 
(6) Mymrs, W. M. 
1937. THE NATURE AND INTERACTION OF GENES CONDITIONING REACTION TO 
RUST IN FLAX. Jour. Agr. Res. 55: 631-666, illus. 
(7) Strats, W. 
1939. zUM EPIDEMISCHEN AUFTRETEN DES LEINROSTES IN OSTPREUSSEN. 
(8) Nachrichtenbl. f. den Deut. Pflanzenschutzdienst 19: [49]-51. 





1939. UNTERSUCHUNGEN iiBER DEN WIRTSBEREICH UND DIE AGGRESSIVITAT 
PHYSIOLOGISCHER RASSEN VON MELAMPSORA LINI (PERS.) LEV. 
Zischter 11: 130-136, 162—168, illus. 
(9) VaLLeGca, Josh. 

1938. OBSERVACIONES SOBRE LA RESISTENCIA A LA ROYA DE ALGUNOS 
LINOS ENSAYADOS EN EL INSTITUTO FITOTECNICO DE LLAVALLOL. 
Santa Catalina Inst. Fitotéc. Pub. No. 1, 34 pp. [From Rev. 

- Argentina de Agron., t. 5, No. 1.] 



































eereten 


CTE LO A AA ERE AA DEA IE EE TH 


ao ee gE Spe 





aad eeddaenometata 


—_ vate us oe te iat ee ie ee ee ee nt al 





THE EFFECT OF SEVERAL CHEMICALS ON THE SWELL- 
ING AND THE CRUSHING STRENGTH OF WOOD' 


By Harvey D. Erickson, assistant professor of forest utilization, West Virginia 
University, and Louis W. REEs, assistant forester, Minnesota Agricultural Ex- 
periment Station 


INTRODUCTION 


It is common knowledge that wood shrinks or swells with a loss or 
gain in moisture below the fiber-saturation point. It is probably not 
so well known, or perhaps merely not realized, that changes in the 
strength of wood also result from various moisture equilibria. The 
effect of aqueous solutions of electrolytes and nonelectrolytes upon 
the swelling of wood and some other cellulosic materials has received 
an increasing amount of study, but very little research has been 
done to determine their effect on strength and the correlation of 
strength and swelling caused by aqueous solutions and organic liquids. 
Such study is undoubtedly of fundamental and practical importance 
and deserves further investigation. 

The relation between moisture content and the mechanical strength 
of wood is well described by Wilson (20).2. Most of the important lit- 
erature on the swelling of cellulosic materials, including wood, has 
been adequately reviewed by Stamm (17). The swelling of cellulose 
and adsorption of aqueous solutions and some organic liquids are dis- 
cussed. Gerritsen (3) reported that filter paper disintegrated in salt 
solutions, in the order of the lyotropic series, which were not suffi- 
ciently concentrated to disperse the cellulose; this was ascribed to 
swelling and low mechanical strength. Stamm found that swelling of 
wood was not influenced by the hydrogen-ion concentration except at 
values above pH 8 to 9 (14). Solutes in concentrated aqueous solutions 
displaced some of the water below the fiber-saturation point in wood 
(15, 17, 18). Katz (6) found that some nondissociated organic com- 
pounds also cause swelling of cellulosic materials beyond the water- 
swollen dimensions. Hasselblatt (5) determined the amount of swell- 
ing of oven-dry wood by several organic liquids such as ether, alco- 
hol, creosote, glycerol, ete. The swelling of wood and of lignin by 
several other organic compounds has been reported by Saechtling and 
Zocher (11). Lignin was apparently more organophilic than cellu- 
lose. Sheppard and Newsome (13), in studying the adsorption of 
alcohols by cellulose, found an inverse relation between vada and 


the carbon number of the normal alcohols. The same t pe of curve 
for adsorption of alcohols by wood was obtained by Stamm (16). 
Liidke (8) found that the strength of regenerated cellulose fibers 
varied in different organic media. 


1 Received for publication July 29, 1929. Paper No. 1695 of the Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station. The experimental work on which this paper is based was done while the 
senior writer was at the University of Minnesota 

Italic numbers in parentheses refer to Literstere Cited, p. 602. 
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MATERIALS 


The chemicals that were used in this study were of two types: 
(1) Water-soluble inorganic and organic solids; and (2) organic liquids, 
principally the lower aliphatic alcohols. All the i inorganic salts were 
of c. p. quality or better and were as follows: LiCl, CaCl., MgCl,, 
MnCl,, KCL, N aCl, KSCN, KI, KBr, and K,SO,. The carbon com- 
pounds used in aqueous solution were as follows: Urea, ¢c. p.; chloral 
hydrate, U.S. P.; resorcinol, c. p.; pyrogallol, a. r.*; and tannic acid, 
U.S. P. (Mallinckrodt). 

The organic liquids were: Methyl] alcohol, a. r.; ethyl alochol, abso- 
lute; the alcohols n-propyl, isopropyl, n-butyl, isobutyl, and n-amy] 
(Eastman Kodak Co.); acetone, c. p.; ethylene glycol practical (EKast- 
man); and benzene, c. p. 

The wood used in this study was red pine (Pinus resinosa Aiton). 
Only the sapwood was used. 

The blocks were measured with a jaw-type micrometer caliper 
calibrated to one one-thousandth of an inch. 


PROCEDURE 


Most of the aqueous solutions of inorganic salts were made to con- 
centrations approaching their solubilities at 20° C. as given by the 
International Critical Tables (10). The Li, Ca, Mg, and Mn chlorides, 
however, are a little below their solubilities at 20°. Inasmuch as 
the solubility values of the critical tables could not be checked on 
several of the organic compounds, it was decided to round off the 
molal concentrations near their limits of solubility. In calculating 


the concentrations of these solutions the water held by the wet or 
green wood (necessary to obtain the dimensions on a green basis) has 
been included. 

Ten blocks, each about 1 by 1 by 2 inches when green, were used 
in the test with a given liquid. Eight billets were sawed from one- 
half of the log and from each of these 3 to 6 series of 10 blocks were 
sawed with a circular miter saw. Defective blocks were discarded; the 
others were sandpapered smooth. 

All of the blocks were dried slowly to a uniform moisture content 
of 2 percent during a storage period. The blocks which were to be 
placed in aqueous solutions, and the control blocks, were then per- 
mitted to gain moisture until they were in approximate equilibrium 
with the atmosphere, following which they were brought above the 
fiber-saturation point by immersion in water. After 4 days they 
were measured in the tangential, radial, and longitudinal directions. 
Throughout the experiments, measurements were taken at the same 
places each time. The blocks to be impregnated with aqueous solu- 
tions were brought back near the fiber-saturation point by vacuum 
and careful drying. 

The blocks were impregnated as well as possible with the solution 
by forcibly submerging them and applying an intermittent high 
vacuum for several periods of approximately one-half hour each. 
Complete impregnation was not always obtained, especially with the 
highly concentrated solutions, but this was probably not a serious 
matter. Evaporation losses were restored in order to keep the solu- 


3 Analytical reagent. 
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tion at the proper concentration. The blocks and liquid finally 
were transferred to an airtight glass jar and kept at 25° C. 

The blocks which were to be used with organic liquids and the 
oven-dry control set were dried at 106° to 107° C. for an average 
time of 12 hours. These conditions with blocks that were already 
very dry probably did not diminish appreciably the strength or 
hygroscopicity (4, 19) of the wood. The seven blocks tested at 11.3 
percent moisture content had been soaked in water, carefully oven- 
dried to verify the swelling values, and then rehumidified. Although 
the high vapor pressure of some of the organic liquids prevented the 
obtainment of a high vaccuum, saturation with the organic liquids 
was quite complete. 

Five of the ten blocks in all sets were measured at weekly intervals 
after the first 3 to 4 weeks to determine when the swelling was com- 
plete. When no further change occurred they were tested for maxi- 
mum crushing strength. 

The compression tests were of the uniform rate of strain type which 
was approximately 0.035 inch per minute. The 10 blocks used in each 
test were so selected that as many positions as possible in the half-log 
were represented. Consideration was given to the radial distance 
into the log and the position of the vertical series of blocks in a tangen- 
tial direction. The specific gravity of the water-soaked control 
blocks based on green volume and oven-dry weight was determined 
by the water-displacement method. The specific gravity varied from 
0.38 to 0.41; the average was 0.39. 


EXPERIMENTAL RESULTS 
EFFECT OF ORGANIC LIQUIDS 


The results of the tests for maximum crushing strength parallel to 
the grain are expressed in pounds per square inch of transverse area 
of the block at the oven-dry condition. This method gives the actual 
loss in strength suffered by a piece of wood of unit area under standard 


TaBLE 1.—The effect of certain organic liquids and of water upon the swelling and 
maximum crushing strength of wood 
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conditions when it is treated with the various liquids. The ordinary 
method is to express the values based on the area at the time of the 
test. The amount of swelling expressed in percent of the oven-dry 
basis is given for the cross-sectional or transverse area of the blocks 
and for the radial and tangential directions. Longitudianal swelling 
was usually small; therefore, the cross-sectional swelling was nearly 
equal to the volumetric swelling (less than 0.2 percent difference in 


the extreme cases). 
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Figure 1.—The effect of various liquids upon the relationship between the crush- 
ing strength and swelling of wood: 1, Oven-dry wood; 2, n-amyl alcohol; 3, 
isobutyl] alcohol; 4, n-butyl alcohol; 4A, n-butyl alcohol; 5 acetone; 6, n—propy! 
alcohol; 7, isopropyl alcohol; 8, ethyl alcohol; 9, methyl alcohol; 10, ethyl- 
ene glycol; 11, 11.3-percent water content; 12, water-saturated. 


It is evident from table 1 and figure 1 that the character of the 
liquid affects the swelling and the crushing strength of wood. The 
relative position of the compounds indicates that the degree of polarity 
was intimately associated with the swelling and strength of the wood. 
The polar alcoholic group of n—amyl alcohol, for example, was much 
less effective than the same group on a short-chain alcohol molecule. 
The higher alcohols which approach a hydrocarbon structure caused 
less swelling and less loss of strength. The effect of a pure hydro- 
carbon, benzene, on the swelling and strength of wood was deter- 
mined by using a different sample of wood of the same species (results 
not given in table 1 or figure 1). The benzene was dried with sodium 
and distilled twice. Blocks impregnated with this liquid and kept 
immersed for 20 days showed no swelling and no statistically sig- 
nificant difference in strength from the oven-dry control blocks. This 


is what would be expected from consideration of the above generali- 
zation. 
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There is definite indication that the relationship between swelling 
and crushing strength for organic liquids is different from that for 
water (fig. 1). When one observes the difference between strength 
values in the two curves for any given amount of swelling, it is apparent 
that the organic liquids employed have, as a class, some distinctive 
action which does not weaken wood to the extent that water does for 
the same degree of swelling. Although the curve for water (broken 
line) was determined by only three points, it is believed to be suffi- 
ciently accurate for comparison inasmuch as the two extreme values 
were from matched control blocks and from the same 10 series of blocks 
that were used for the organic liquids. The curve is similar in general 
shape to the common moisture content-strength curve (20). Since 
swelling is a straight-line function of moisture content (16) they may 
be interchanged on the same axis. 

The degree of significance of maximum crushing strength between 
certain sets of blocks whose normal deviates were in the lower range is 
shown in the following tabulation: 

Test combinations: Normal derivates 
Methyl alcohol—ethylene glycol 
Acetone—n-propy] alcohol--- - - - - - 


Oven dry—n-amy] alcohol 
Oven dry—benzene-_--------__--_- 


1 SEE: 6 SSRI meee SP pe Da ee pe ee ee ee ae 
MgCl,—chloral hydrate_ - 

CaCl,—chloral hydrate___ : 
MgCl,—CaCh___.--------- 


Lita —Bae.......---- 


MgCl,—tannic acid 
Chloral hydrate—tannic acid 

Several values for the organic compounds are not statistically signifi- 
cant on the basis of maximum crushing strength. Those test combina- 
tions listed in the foregoing tabulation which show a normal deviate 
(t) of less than 2 fall in this class. The correlation index of crushing 
strength to swelling for the organic liquids was found to be 0.96 and 
the percent of the total variance of strength from the mean which was 
associated with swelling was almost 93 percent. 

Isobutanol acted more like a hydrocarbon than the n-alcohol, 
whereas isopropyl! acted in the opposite manner. The iso-alcohols also 
caused greater reduction in strength in proportion to the swelling 
effected, as shown by their position below the straight line, than the 
normal alcohols. 

Two sets of values which represent different periods of immersion 
are given for n-butyl alcohol. All the sets of blocks except those in 
n-butyl alcohol had reached equilibrium at some time before 24 days, 
when the second measurements were made. These latter blocks con- 
tinued to swell, and at the end of 75 days five of them were tested for 
strength; the other five were allowed to remain in the liquid. Figure 2 
shows a linear relationship between time and swelling up to about 110 
days after which the curve rapidly flattens out. The remaining five 
blocks immersed in the n-butyl alcohol had nearly the same cross- 
sectional swelling after 504 days as at 156 days, the percentages being 
7.28 and 7.4 respectively. Constant temperature was not maintained 
after 100 days but apparently this had little effect. 
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In figure 1 the first point for butyl alcohol falls almost on the line, 
but the second is approximately 500 pounds below the expected value. 
The fact that the final swelling value is closer to the propyl alcohol 
than would be expected in view of the relative position to the amyl and 
isobutyl values, also suggests a specific action on the wood which is 
different from that of other alcohols. 
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Figure 2.—Relation between the extent of swelling of wood and the time in which 
it was kept immersed in n-buty] alcohol. 


TABLE 2.—Effect of concentrated aqueous solutions of certain mineral salts and organic 
compounds as compared with water on the swelling and maximum crushing strength 
of wood 
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EFFECT OF AQUEOUS SOLUTIONS 


Table 2 reveals an absence of a general correlation between swelling 
and crushing strength. All solutions except NaCl and K.SO, caused 
appreciable swelling beyond the water-swollen dimensions. This 
was accompanied by various degrees of weakening or strengthen- 
ing, depending upon the swelling agent. Neither loss nor gain of 
strength can be closely associated with the higher values of swelling 
when considering solutions of either electrolytes or nonelectrolytes. 
Table 2 shows that the entire series of chloride salts caused an increase 
in the crushing strength, up to 46 percent in the case of CaCl, as 
compared with the water-soaked control blocks. In this group there 
is a tendency toward a correlation between swelling and increase in 
crushing strength as one goes up the series of salts, until LiCl is 
reached. Apparently the strengthening effect of this salt is counter- 
balanced by a weakening factor, which may be caused by the lithium 
ion. The thiocyanate and iodide salts, usually considered to be good 
peptizers, caused a decrease in strength although not in proportion 
to the degree of swelling. From the bromide to the sulfate salts, a 
small increase in strength occurred. 

The nonelectrolyte solutions also exhibited variable effects in crush- 
ing strength. Chloral hydrate and pyrogallol in the concentrations 
used caused about the same amount of volumetric swelling, but the 
former increased the strength by 42.2 percent whereas the latter 
decreased it by 53.2 percent. Chloral hydrate, pyrogallol, and re- 
sorcinol effected considerably more cross-sectional swelling than any 
of the inorganic salts. 

In general, cross-sectional swelling followed the order of the lyo- 
tropic series for both the cations and the anions, with the Li and SCN 
ions in the lead positions. This order coincides fairly well with that 
of solubility, fractional volume occupied by the salt, relative vapor 
pressure, surface tension, and the general belief of the order of hydra- 
tion of ions. 

Radial shrinkage was manifested, usually, only when swelling in the 
tangential direction was relatively large. It was greatest when the 
strength of the wood was below normal. The “plastic” condition 
of such wood may have contributed to this result by permitting 
compensation for excessive tangential swelling, for it was observed, 
while testing the blocks, that those exposed to resorcinol and pyrogal- 
lol solutions had no point of abrupt failure; the beam remained in 
balance with very little adjustment of weight for a far longer time 
than was true with blocks from the NaCl solution, for example. 
The failure with urea was more abrupt. 


DISCUSSION 


The proof of an inverse correlation between swelling and maximum 
crushing strength for organic liquids was in accordance with expecta- 
tions. There was no indication as to why the wood was stronger 
in organic liquids than when swollen with water or water vapor to the 
same volumetric change. The cause may be associated with molecular 
constitution and size and the resultant differences in adsorption and 
orientation on the micellar surfaces, with the accompanying variation 
in shift of secondary valence forces from micelle to liquid. Unless 
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one knows something about the character of the compound, therefore, 
swelling is only a very rough guide for predicting strength values. 

Stamm (15, 17) suggests that the theory of electrical repulsion is 
applicable to explain swelling in organic liquids, and cites as evidence 
the same approximate order of swelling of wood in benzene derivatives 
and their order of dipole moments and zeta potential (9) at a cellulose 
interface. Although this may hold for those compounds, a similar 
relationship did not obtain with the alcohols. If the alcohols only 
are considered it is noted that there is a regular decline in negative 
zeta potential from methyl to isopropyl alcohol, after which the sign 
is positive and the magnitude is variable. There is no consistent 
relationship between the electric moments (14) of the organic liquids 
used and swelling or strength of the wood. The same is true with 
surface tension, mainly because the surface-tension values of the 
alcohols are nearly the same. A general relationship of viscosity of 
the liquid to swelling and strength of wood is indicated, especially with 
the alcohols. The higher alcohols have the higher viscosities. Ace- 
tone and benzene deviate greatly and several of the stronger swelling 
agents do not fall in the expected order. Therefore, viscosity does not 
seem to be a dependable criterion of the effect of any liquid on wood. 

The dielectric constants of these liquids (from 15.8 for n-amy]l 
alcohol to 41.2 for ethylene glycol at 20° C.) are practically in the 
same order as the degree of to ag When swelling is plotted against 
dielectric constants a nearly parabolic curve is obtained if one dis- 
regards the position of isobutyl alcohol which would increase the 
curvature. It cannot be predicted, of course, that any type of com- 
pound with a given dielectric constant can be satisfactorily interpo- 
lated in such a graph. It may well be that each class will have a 
different numerical range of constants which will represent the two 
extremes of swelling power. 

The data show that the lithium, thiocyanate, and iodide ions gave a 
decrease in strength values. This suggests a relationship to their 
well-known top position in the lyotropic series for peptizing power 
and might counteract to a varying extent the strengthening action 
of a decreased water equilibrium in the wood caused by high salt 
concentration. It is noted that chloral hydrate caused greater 
swelling than any of the salts and also markedly increased the crushing 
strength. Hence, mere excessive swelling of wood does not alone 
cause a decrease in strength. 

Investigators‘ have reported that phenol caused a decrease in 
strength of wood; this was believed to be due to the swelling of lignin. 
Pyridine and phenol were more strongly adsorbed from solution by 
by lignin than by cellulose. This may explain why resorcinol and 
pyrogallol caused considerable swelling and loss of strength of wood, 
especially the observed property of flowage or apparent plasticity 
of the wood when subjected to its maximum compressive srtength. 
Adsorption by cellulose of phenols from dilute solutions increased 
with the number of hydroxyl groups on the molecule (2). This 
coincides in a qualitative way with the data in table 2 in which a 
5-molal solution of pyrogallol caused nearly as much swelling and 

4 Grasssy, H. G., Jones, G. D. O., Potter, G. J. C., and Yorston, F. H. THE SWELLING OF WOODS 


BY ORGANIC COMPOUNDS. Forestry Prod. Lab. Canada, Quarto. Rev. July 1933, pp. 22-38, illus, 1933. 
[Mimeographed.] 
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e, loss of strength as a 10-molal solution of resorcinol. Constituents 
: or relatives of tannin were strongly adsorbed (2). 
Is Koehler (7) observed that heating wet wood was likely to cause 
e some radial contraction and tangential expansion. The results 
BS reported herein on radial shrinkage and nonswelling are somewhat in 
se contradiction to those obtained in other work (14). The data show 
ar that radial shrinkage is correlated much more with those liquids that 
ly reduce strength than with those that tend to increase it. This sug- 
re gests that the shape and structure, both fine and gross, of a piece of 
0 wood may be important factors in determining (1) what stresses are 
it created by excess swelling and (2) to what extent it will yield or adjust 
ls when weakened or strengthened in the process. In considering also 
h the results of other investigators (1,7, 12), it seems evident that enough 
Le data are not available from which to draw a definite conclusion as to 
of the cause of radial shrinkage or nonswelling, especially for excessive 
h swelling of blocks as compared with sections or fragments of wood. 
e- It is probable that the findings of this study are of importance in 
Ig their bearing upon the structural uses of wood that has been subjected 
rt to fire-retarding treatment because of the relatively large amount of 
1. chemicals that must be injected and the variety of chemicals that can 
yl be used. The strength changes, if any, caused by inorganic preserva- 
le tive treatment probably are of low magnitude for the reason that only 
st small quantities of chemicals are needed. 
S- It is apparent that the results of this experiment add to the com- 
le plexity of the relationship between swelling and strength of wood. 
1- Clearly, there is no constant and proportional relation, either direct 
és or inverse, which is independent of the chemical agents. More re- 
a search is necessary before an attempt can be made to answer the 
0 many questions which a study of the data brings to mind. 
a SUMMARY 
ir 
or A definite inverse relationship was found between the swelling of 
n wood and its maximum crushing strength when the swelling agents 
It were organic liquids, chiefly alcohols. For the same degree of sw ling, 
r the blocks in organic liquids were stronger than those swollen with 
g water vapor or liquid. The lower alcohols caused the greater swelling 
e and loss of crushing strength, the higher alcohols the least. Benzene 
did not cause swelling or affect appreciably the strength of oven-dry 
n wood. More than 120 days were required for swelling of wood in 
1. n-butyl alcohol to reach equilibrium. 
y The amount of swelling caused by concentrated solutions of inor- 
d ganic salts was in general agreement with the solubility of the salts 
1, and the lyotropic series of ions as found by other workers. Some of 
y these solutions increased the strength of wood; a few decreased it. 
i. The chloride series caused an increase. In the organic group, urea, 
d resorcinol, and pyrogallol markedly decreased the crushing strength 
is of wood, whereas chloral hydrate, which swelled wood the most, and 
a tannic acid decidedly increased the strength. Very little radial swell- 
d ing occurred beyond the green dimension and in several aqueous solu- 
3 tions radial contraction took place. The degree of swelling does not 
3, appear to be a dependable criterion of the change in crushing strength 


of wood; specific effects of the chemicals often dominate the results. 
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THE INFLUENCE OF TEMPERATURE, MOISTURE, AND 
FOOD UPON THE DEVELOPMENT AND SURVIVAL OF 
THE SAW-TOOTHED GRAIN BEETLE! 


By Epwarp L. Tuomas, assistant in entomology, and Haroup H. SHEPARD, assist- 
ant entomologist, Division of Entomology and Economic Zoology, Minnesota 
Agricultural Experiment Station 


INTRODUCTION 


The saw-toothed grain beetle, Oryzaephilus surinamensis (L.) 
(family Cucujidae), has been reported from many parts of the world 
as a pest of a wide variety of stored-food products. It is the grain 
insect most frequently sent in by Minnesota farmers for identification. 
Many observations in regard to its life history have been made and 
numerous short accounts of its distribution, habits, and biology are 
available in various reports. Prior to 1926 the brief biological notes 
of Chittenden (6)? were almost the only ones of a quantitative nature 
that had been published. In 1926 Back and Cotton (3) reported 
their observations made under ordinary room conditions with no 
attempt to control either temperature or moisture. The object of the 
present work was to obtain more definite information on the life 
history of this insect over a considerable range of controlled conditions 
in relation to temperature, food, and atmospheric moisture. 


METHODS OF STUDYING DEVELOPMENT 


Mass populations of saw-toothed grain beetle adults were reared on 
the moist, balanced food mixture recommended by Haydak (8) and 
held in a constant temperature chamber at 32° C. and 75 percent 
relative humidity. Under these conditions it was possible to obtain 
large numbers of the insect in a relatively short time. Several hun- 
dred beetles were collected and placed in an oviposition chamber, a 
pint fruit jar containing a small amount of the food mixture and 
several irregularly broken pieces of a large cork stopper. The cork 
had previously been softened and made pliable by moistening and 
autoclaving. 

The eggs, which are normally laid in cracks and crevices of food 
material, are covered with an adhesive substance which causes them, 
when first deposited, to adhere to each other and to the food particles. 
Cork was found to provide a very suitable surface for the females to 
oviposit on and from which to retrieve the eggs. Following oviposi- 
tion, the pieces of cork were removed and the adhering beetles shaken 
into the culture jar for future use. The eggs adhering to the cork 
were readily observed by means of a binocular microscope and were 
picked off with a fine moistened brush. They were then placed in- 
dividually on the inner walls of 2-dram vials some distance above a 
small supply of food. Nearly half of the hatching experiments had 

' Received for publication June 28, 1939. Paper No. 1723 of the Scientific Journal series, Minnesota 
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2 Italic numbers in parentheses refer to Literature Cited, p. 614. 
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to be discarded because of injury to the eggs during handling. The 
larvae left the empty eggshells attached to the walls, where they 
could be seen easily, making it unnecessary to locate and disturb the 
minute, white, fragile larvae among the food particles. 

The adult beetles are very excitable, and as handling of them was 
unavoidable before each oviposition period considerable time elapse«| 
before the deposition of eggs actually occurred. Oviposition periods 
of 2, 4, and 6 hours were tried, but 1t was found necessary to extend 
the period to 10 hours. The beetles were placed in the oviposition 
chamber at midnight to facilitate the measuring of the development 
periods. Including the time required to retrieve them, the eggs were 
from 1 to 14 hours old before they were exposed to the various experi- 
mental conditions. Very few eggs were found to have been laid in 
the first 4 hours, however, so it is assumed that the majority of them 
were not over 6 to 7 hours old. 

Eggs were placed singly in individual 2-dram vials which contained 
sufficient food and were stoppered with perforated corks covered with 
small pieces of silk bolting cloth. The vials containing the food had 
previously been conditioned at the desired temperature and humidity 
for at least 36 hours. Groups of 30 vials, each vial containing one 
egg with food, were placed in small desiccators held at constant tem- 
perature. Various known concentrations of sulfuric acid in water 
were used to control the atmospheric moisture within the desiccators. 
The acid concentrations required to give the desired atmospheric 
conditions were calculated from a graph taken from Wilson (16). 
The desiccators were at no time removed from the cabinets during the 
experimental period, and the vials were out only for a few minutes 
daily during the critical periods, preliminary tests indicating approxi- 
mately when observations were to be made. It is believed that the 
atmosphere of the vials reached an equilibrium with the atmosphere in 
the desiccators within a reasonably short time since the desiccators 
were small and the vials were but a short distance above the acid 
solutions. 

The various stages of the insect were exposed to temperatures of 
15°, 20°, 25°, 30°, 35°, and 40° C. in cabinets controlled by toluene- 
mercury thermostats which did not vary more than +0.5°. At least 
three replications were made in each category. 

Two Te vels of atmospheric moisture or saturation deficiency were 
at first chosen, 5mm. and 12.5 mm. As the work progressed it was 
thought desirable to provide a wider range of moisture conditions and 
a third level, 22.5 mm. of saturation deficiency, was added. 

Three rather different types of food commonly infested by the saw- 
toothed grain beetle were used, namely, rolled oats, English walnuts, 
and raisins. A sufficient quantity of each for the entire experiment 
was obtained at the beginning of the study. Each vial contained 
enough of the food material to more than support the insect, but not 
enough for the larva to burrow into and become covered. The larva, 
therefore, was more or less exposed to the atmosphere at all times. 
Raisins, because of their hygroscopic nature, did not lend themselves 
to some of the conditions of the experiment. The young larvae fre- 
quently became enmeshed in the sticky syrup produced by the raisins 
and in such cases there was a high mortality. 

Two measures of moisture were utilized in this work, saturation 
deficit and relative humidity. The first is a measure of the evapora- 
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tive power of the atmosphere and, being uniform at different tempera- 
tures, may be applied to the study of the direct effect of atmospheric 
moisture upon insect growth. At a 5-mm. saturation deficiency, for 
example, the rate of evaporation is theoretically constant at the 
temperatures 35° 30°, 25°, and 20° C. 

Atmospheric moisture, on the other hand, is absorbed by food 
materials in proportion to the relative humidity of the air. The 
relative humidities corresponding to a 5-mm. saturation deficiency 
at 35°, 30°, 25°, and 20° C. are 88, 84, 79, and 72 percent respectively. 
In preliminary tests rolled oats exposed in desiccators at these temper- 
atures and humidities for 4 days and then dried at 105° for 24 hours 
showed a moisture content on a dry-weight basis of about 21.6, 22.8, 
18.8, and 15.9 percent respectively. In the analyses of Atwater and 
Bryant (1) soft-shelled walnuts averaged 2.5 percent moisture. Finely 
divided soft-shelled walnuts exposed to relative humidities of 46.7 
and 88.0 percent at 35° for 5 days and then dried over sulfuric acid 
for 10 days gave approximate moisture-content values of 1.7 and 6.6 
percent. Walnuts appear to be less hygroscopic than rolled oats 
owing possibly, to their high oil content and to their reduced surface. 

If moisture were held constant in terms of relative humidity, regard- 
less of temperature, the food moisture content would be constant, 
but the rate of evaporation from the surface of the insect would then 
be variable because of the differences in saturation deficiency. By 
holding one value constant the other will be variable. It is realized, 
therefore, that in studying the effects of temperature alone, the mois- 
ture relationships are not entirely in agreement. Although the rates of 
evaporation are constant, the moisture content of the food material 
differs slightly at each temperature, and the changes in the rate of 
development cannot be said to be due entirely to the effects of temper- 
ature. The larvae in a condition of higher relative humidity, because 
of a higher percentage of water in the food, will be able to replace water 
loss with greater ease than those at a lower relative humidity. Much 
greater effects, in general, can be attributed to temperature, and it is 
believed that errors due to the variation in food moisture content are 
not very great. On walnuts, the moisture content of which is little 
affected by wide variations in humidity, the error is probably much 
reduced. 

In these experiments the walnuts were divided to permit accessibility 
of the food to the newly hatched larvae. Schwardt (1/4) observed 
that finely divided foods of high oil content were detrimental to 
larval development. He stated that when the larvae crawl upon or 
through divided oily food they are brushed on all sides and become 
coated with a thin film of oil. If the food particles are larger the 
larvae can pass through the interstices and only touch the food with 
their tarsi and part of the ventral surface of the abdomen. In this 
study it was found that ground walnuts were fatal to the larvae where- 
as chopped walnuts had no detrimental effects. 

* the statistical procedure the following formula of Fisher (7) was 
used: 


N=1 


S. £.= 1 
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The formula for determining the error of the difference between two 
means is as follows: 


(%,— #2) 


VS. E.2+S.E° 


when & is the mean, and S. E. is the standard error of the mean. 





RESULTS OF DEVELOPMENT STUDIES 
EGG 


The eggs are usually laid in groups of 3 or 4 in the cork supplied for 
oviposition. Frequently, however, as many as 20 to 30 were found in 
a cluster. 

From inspection of the data in table 1, it is seen that atmospheric 
moisture has little or no effect on the rate of development of the egg. 
The length of the egg stage varies considerably with the temperature. 
Eggs failed to develop at 15° or at 40° C. At 20° somewhat more 
than 12 days were required for them to hatch, while the greatest rate 
of development occurred at 35° when only a little over 4 and a fraction 
days were necessary. Although separate series of data are given for 
each of the three foods, all are computed on a similar basis and a 
comparison of the results will give an idea of the reliability of the 
differences caused by temperature changes. 


TABLE 1.—The development of the saw-toothed grain beetle under various conditions 
of temperature, moisture, and food 


















































Egg Larva Pupa Total 
Food and tempera- | Saturation Pc all 
ture (°C.) deficit midity Stand- Stand- 
eta | eae | Ue ard |N| # |N| # ar 
error error 
Rolled oats: Millimeters | Percent Days Days Days Days 
20° { 5.0 71.6 | 19 | 12.79 | 19 | 39.74 | 0.66 | 18 |16.33 | 18 | 69.06 0.90 
rene 12.5 28.7 | 36 | 11.58 | 36 | 44.64 -85 | 14 |17.43 | 14 | 73.64 1.02 
5.0 78.8 | 45 | 6.29 | 45 | 15.51 .27 | 45 | 8.53 | 45 | 30.31 . 23 
___ Oar ee 12.5 47.3 | 32 | 6.75 | 32 | 17.66 -48 | 31 | 8.13 | 31 | 32.23 43 
22. 5 5.2 | 44 | 6.84 | 44 | 23.61 -37 | 40 | 8.55 | 40 | 39.15 . 43 
5.0 84.3 | 36| 4.89 | 36 | 10.28 19 | 36 | 5.50 | 36 | 20.67 17 
Dl cakntwcd camaney 12.5 60.7 | 36 | 4.99 | 36 | 12.28 31 | 36 | 5.51 | 35 | 22.80 30 
22. 5 29.2 | 36) 5.00 | 36 | 15.72 25 | 34 | 5.74 | 34 | 26.41 27 
5.0 88.1 | 43 4.16 | 43 9.37 14 | 43 | 4.47 | 43 | 18.00 14 
hee ed 12.5 70.4 | 33| 4.30 | 33 | 10.85 45 | 33 | 4.67 | 33 | 19.82 44 
22. 5 46.7 | 45 | 4.31 | 45 | 14.84 25 | 45 | 4.71 | 45 | 23.87 30 
English walnuts: 
20° { 5.0 71.6 | 31 | 12.61 | 31 | 44.26 .74 | 17 |15.12 | 17 | 70.59 1.00 
icepenietipelex: 12.5 28.7 | 19 | 12.32 | 19 | 52.47 .86 | 3 116.00 | 3 | 77.67 1.78 
5.0 78.8 | 44 | 6.52 | 44 18.32 -29 | 40 | 7.83 | 40 | 32.73 .33 
25°. om et 12.5 47.3 | 31 6.65 | 31 | 21.74 .52 | 25 | 8.32 | 25 | 36.52 . 66 
22. 5 5.2 | 50 | 6.70} 50 | 33.08 .77 | 31 | 9.29 | 31 | 48. 1,25 
5.0 84.3 | 29 5.03 | 29 | 13. 59 -36 | 28 | 5.68 | 28 | 24.11 . 43 
Pee RT ae: 12.5 60.7 | 31 5.03 | 31 | 15.74 .31 | 28 | 5.93 | 28 | 26.54 37 
22.5 29.2 | 50| 4.98 21. 20 -46 | 30°| 5.47 | 30 | 30.97 52 
5.0 88.1 | 37 4.00 | 37 | 15.30 -29 | 22 | 4.45 | 22 | 23. 45 
Distt oe dcaren 12.5 70.4 | 32} 4.09 | 32 | 16.09 47 | 14} 4.79 | 14 | 25.14 71 
22. 5 46.7 | 29 | 4.24 | 29 | 21.76 96 | 14 | 4.57 | 14 | 29. 57 89 
Raisins: 
ae oe 5.0 71.6} 3] 12.00] 3) 51.00 |.._.._. 3 117.67 | 3} 80.67 |_-.---- 
25° { 5.0 78.8 | 10) 6.20 | 10} 30.10 |...___- 5 | 8.20 40. 80 |... .. 
ike pr 12.5 47.3 | 10} 6.20 | 10 | 32.50 |_..___. 10 | 8.40 | 10 | 47.20 |__.-- 
30° { 5.0 $8.3) 4) 4.00; 4] 21.50 |_..__-- 1 | 6.00 1 | 36.00 
aiealeees Gicowre te 12.5 60.7 | 8 | 4.00] 8 | 27.50 |_..__.. 8 | 5.63 | 8 | 36.63 |..__- 
LARVA 


Since the eggs failed to hatch at 15° C., some were hatched at 20°, 
the next higher point in the temperature series, and the newly hatched 
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larvae were placed on rolled oats at a saturation deficiency of 5 mm. 
and a temperature of 15°. The larvae failed to develop. Under 
the same food and atmospheric moisture conditions at 20°, 
larvae developed in an average of 39.74 days as compared with 15.51 
days at 25°. On rolled oats the optimum temperature for develop- 
ment is about 35° where 9.37 days are required for the larval stage, 
while at 30° the developmental time is 10.28 days. With walnuts as 
food, and under the same moisture conditions, the developmental 
optimum appears nearer to 30°, where 13.59 days are required as 
compared with 15.30 days at 35° C. 

In general the data show significant differences in the rate of larval 
development at the three moisture levels within each temperature. 
Larval development tends to be more rapid at a higher humidity. 
The differences in developmental time between the moisture levels are 
greatest at 20° C. on both rolled oats and walnuts, because of the 
longer periods involved; in other words, differences in the develop- 
mental period decrease with an increase in temperature. Between 
12.5 mm. and 22.5 mm. of saturation deficiency the data differ more 
because of the greater spread in atmospheric moisture conditions. 
Because of insufficient numbers, the raisin data are not statistically 
treated. From inspection, however, they appear to show the same 
trend as the other foods. 

On the basis of the rate of development, rolled oats is superior to 
either walnuts or raisins as food for the saw-toothed grain beetle. The 
raisin data are admittedly lacking in sufficient replications and are 
presented only as an indication of the value of raisins as food for this 
insect. Comparing the rates of development at 25° C. and 5-mm. 
saturation deficiency, the larvae completed development in 15.51 days 
on rolled oats, 18.32 days on walnuts, and 30.1 days on raisins. 


PUPA 


The rate of development of the pupa varies with the temperature, 
the maximum being 16 to 17 days at 20° C. and the minimum about 
4.5 days at 35°. From inspection of the data, the atmospheric 
moisture or type of food shows little or no effect on the rate of develop- 
ment, although here, as in the egg stage, any actual differences 
would be slight and would be obscured by the short developmental 
period and the relatively long intervals between observations. The 
data, however, are mostly rather uniform within each temperature 
regardless of humidity, and the values in each class on the different 
foods approach each other. 


TOTAL DEVELOPMENTAL PERIOD 


Since food and atmospheric moisture conditions have little or no 
measurable effect on the rate of development of the egg and pupa, the 
rate of development under the various conditions for the entire period 
from egg to adult is similar to that of the larva. On rolled oats at a 
5-mm. saturation deficiency, the insect completes its development in 
the shortest time of 18.0 days at 35° C., while the longest mean period 
occurs at 20° where 69.06 days are required. With walnuts as food 
the data for total development at 30° are not significantly different 
from those at 35°. The optimum condition lies somewhere between 
these temperatures. The shortest mean period on walnuts at a 
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5-mm. saturation deficiency is 23.68 days at 35°, while the maximum, 
which occurs at 20°, is 70.59 days. On raisins the developmental 
periods appear from the few available data to be somewhat longer. 
At 30° and at the high humidity, one complete life cycle requires 
about 36.0 days, while at 20° the complete developmental time is 
80.67 days. 

The longest total period of individual development recorded in 
these experiments was 84 days on raisins at 20° C. and a 5-mm. 
saturation deficit. Under the same conditions, but on rolled oats 
instead of raisins, the longest period was 78 days, the shortest 64 days. 
The comparable data for 35° with rolled oats as the food are 20 and 17 
days, respectively. 


DISCUSSION 


Chapman and Baird (5) determined the duration of the develop- 
mental stages of Tribolium confusum Duval at several temperatures 
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Ficure 1.—Comparison of the total developmental periods at different tempera- 
tures for Oryzaephilus surinamensis fed on rolled oats at 5 mm. saturation 


deficiency and Triboliwm confusum fed on whole-wheat flour at 75 percent 
relative humidity. 


and 75 percent relative humidity. In figure 1 are shown these data in 
comparison with the present determinations for Oryzaephilus. The 
data, although not exactly comparable, are nearly so. In the second 
species the data plotted are those at 5 mm. saturation deficiency, but 
the latter is close enough to 75 percent relative humidity that not over 
1% days correction would be necessary for developmental periods of 
70 days or more. Furthermore, Oryzaephilus was reared on rolled 
oats whereas Tribolium had whole-wheat flour as food. These foods, 
however, are not widely different. The comparison of the two species 
with respect to the time required for development from egg to adult 
shows Oryzaephilus to be considerably faster than Tribolium confusum 
in its development. At 30° C. the difference amounts to about 8 
days; at 22°, to about 52 days. Therefore the development of Tri- 
bolium confusum under somewhat comparable conditions may take 
over twice the time required by Oryzaephilus. 
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Holdaway (9) studied the development of Tribolium confusum at 
several relative humidities and a single temperature (27° C.) in con- 
nection with population studies. He found a 24.4-percent increase 
in the total developmental period when the relative humidity was 
reduced from 75 to 25 percent. In the present studies with Oryzae- 
philus at 25° a comparable lengthening of the period was found amount- 
ing to a 25.9-percent increase when the saturation deficit was increased 
from 5.0 to 22.5 mm. pressure (a drop from 78.8 to 5.2 percent relative 
humidity). 

The fact that stored-product insects are able to develop in very dry 
food is well known. Certain insects can gain water from an atmos- 
phere which is nearly saturated, the water entering through channels 
other than the mouth. Babcock (2) pointed out that through oxida- 
tion of food material a considerable quantity of water is produced 
which many animals use to carry away nitrogenous wastes in solution. 
Insects living on dry foodstuffs, however, excrete solid uric acid and 
are able to retain the water of metabolism which would otherwise be 
used in excretion. 

The water content of their food has been shown to influence the 
proportion of water in insects. Insects that feed on food of high mois- 
ture content contain a much higher percentage of water than those that 
live on dry materials. Living on dry food, the insects themselves con- 
tain a higher percentage of water than there isin the food. Schultz (13) 
has shown that larvae of Tenebrio molitor L. fed on bran pass feces of 
which 80 percent is undigested food but lower in moisture than the 
original bran. Buxton (4) explained this as the result of wasteful 
eating as well as the formation of water of metabolism. When food is 
eaten wastefully the small amount of free water contained in it is 
probably extracted by mechanisms in the rectum, which results in dry 
excreta. Schwardt (14) .observed the saw-toothed grain beetle 
develop in food containing practically no free water. 

According to Buxton (4) starved larvae of Tenebrio molitor lose 
weight when exposed to a humidity of 80 percent or lower, but if kept 
at 90 percent and temperatures of 23° or 30° C. they gain weight. 
He stated that the phenomenon is not similar to the hygroscopy of hair 
and other dead materials, but that it is due to biological activity. 
Water from the liquid in the tracheoles is thought to be comtaeadaly 
secreted into the insect body, thereby increasing the concentration of 
“dimen liquid and causing atmospheric moisture to be absorbed 

y it. 

Stored-product insects are able to conserve moisture in various ways, 
thus protecting themselves against desiccation. Mellanby (10) stated 
that practically all the water that evaporates from an insect is lost 
through the spiracles. When the spiracles are closed the air within 
the tracheae becomes saturated and in most cases remains so when the 
spiracles are opened. Otherwise, when the air becomes very dry, the 
air of the tracheae becomes dry, the tissues being unable to supply 
water fast enough. One of the best methods that insects possess for 
protecting themselves against loss of water, then, is their ability to 
close the spiracles. Certain factors, however, such as an increase in 
temperature, may accelerate metabolic activity and increase the rate 
of respiration, causing the spiracles to be opened more often and 
increasing the rate of water loss. 

The effect of atmospheric moisture on a stored-product insect, 
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therefore, is in proportion to the rate at which moisture is being with- 
drawn from the insect and to the ease with which that moisture can 
be replaced. The longer time required for development on walnuts 
than on oats is probably due in considerable part to the lower hygros- 
copicity of the food. 


LETHAL EFFECTS OF HIGH AND LOW TEMPERATURES 


The lethal effects of high and low temperatures on insects are known 
to vary with the species, the developmental stage, and the other 
environmental factors, such as moisture. Data have been presented 
in the preceding paragraphs showing that the egg and larva of the saw- 
toothed grain beetle are incapable of developing at 40° and 15° C. 
To obtain further information on the reactions of this insect to lethal 
temperatures, its longevity was determined near both the upper and 
the lower limits of development. Only healthy adult insects, of which 
the sex and age were disregarded, were used in these experiments, 
since it was not feasible at the time to add greatly to the experimental 
work by determining the effects on all stages. 

iesthnined (12), working with all stages of the confused flour beetle, 
Tribolium confusum, found some variation in the heat resistance of 
different stages at different temperatures. He showed that at 44° C. 
50 percent of the adult beetles were killed in 7.4 hours and that changes 
in the atmospheric moisture conditions had no effect at this tempera- 
ture. At 46° only 64 minutes were required to kill 50 percent of the 
adults, but at this temperature moisture conditions affected the results, 
the beetles dying much sooner at 100 percent relative humidity and 
somewhat sooner at 0 and 30 percent than at 75 percent. 

Temperatures between 44° and 46° C. are critical, and very slight 
changes in the intensity of heat between these points produce profound 
effects. The writers operated the same apparatus used by Oosthui- 
zen, but it is felt that somewhat greater accuracy in measurement 
and control of the bath temperatures was attained. The tempera- 
tures recorded by Oosthuizen as 44° and 46° are actually slightly 
lower, although certainly not over 0.7° lower, and mates A about 
half that much. 

Adult beetles were exposed in a water bath arrangement and with a 
technique essentially the same as that described by Oosthuizen. 
Cages made of a fine-mesh wire screen were used instead of glass and 
bolting cloth. Thermometers were not placed in the cages as it was 
found that the desired temperature could be obtained there by main- 
taining the outside water bath temperature 0.7° C. higher. This 
difference was due to loss of heat from the exposed portions of each 
glass exposure chamber at the water surface. Temperatures were 
measured with a sensitive thermometer graduated in tenths of a 
degree centigrade. Cage temperatures did not vary more than +0.1°. 
The exposure chambers were conditioned for at least 4 hours prior to 
each experiment. As active saw-toothed grain beetles cannot live 
long without food, a small amount of food was provided in each cage. 
Exposed beetles were allowed 2 days for recovery before the percentage 
of mortality was determined. Each point plotted in figure 2 repre- 
sents in excess of 150 individuals. 

Tattersfield and Morris (15) have shown that mortality data can 
best be compared at the point at which 50 percent of the individuals 
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survive. The writers’ data for adults of Tribolium confusum show 
somewhat lower values than those of Oosthuizen. At 44° C. and 30 
percent relative humidity, 50 percent of the beetles were killed in a 
little over 4 hours while at 46° and 50 percent relative humidity about 
40 minutes were required, as compared with 7.4 hours and 60 to 75 
minutes respectively as found by Oosthuizen. These differences show 
how important a Fraction of a degree may be in shifting the time 
required to kill a group of insects. 

The exposure periods necessary to kill 50 percent of the adults of 
the saw-toothed grain beetle decrease rapidly with slight increases in 
heat intensity between the temperatures tested. At 42° C. 50-per- 
cent mortality occurs in about 34 hours while at 44°, only 2° higher, 
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Figure 2.—Mortality of the saw-toothed grain beetle exposed for different lengths 
of time at 44° C. and relative humidities of 30 and 75 percent. 


50 percent of the,beetles are, killed in approximately 4.5 hours at 30 
ag relative humidity, and 5.7 hours at 75 percent relative humid- 
ity (fig. 2). 

In general the saw-toothed grain beetle and the confused flour 
beetle are about equally resistant to high temperature. The chief 
difference between these species appears to lie in the higher sensitivity 
of Oryzaephilus to desiccation. At 44° C. this species is definitely 
more easily killed at 30 percent relative humidity then at 75 percent. 
At the same temperature and humidities, Tribolium confusum is 
unaffected by the moisture differences. It appears likely that this 
fact is correlated with the greater susceptibility of Oryzaephilus to 
desiccation at ordinary temperatures. 

Nagel and Shepard (11) studied the effects of low temperatures on 
all stages of Tribolium confusum. The exposure periods necessary 
to obtain a 50-percent mortality of the adults at 7°, —6°, —12°, and 
—18° C. were 336, 8.4, 0.23, and 0.15 hours respectively. 

Adult saw-toothed grain beetles were exposed in small fine-mesh 
wire screen cages, each cage containing approximately 50 beetles and 
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a small quantity of food material. The cages were placed in dry 
desiccators in refrigerated cabinets at the desired temperatures. No 
attempt was made to control the atmospheric moisture conditions, 
but the temperatures were maintained to within +1.0° C. Two days 
were allowed for the insects to recover before mortality was deter- 
mined. Exposures were made at two temperatures, 10° and 2°. 
The exposure periods to obtain 50-percent mortality were 30 days 
and 105 hours respectively. It is impossible from these determina- 
tions to say whether Oryzaephilus differs significantly from T. confu- 
sum in resistance to low temperature. 


SUMMARY 


A study was made of the development of all stages of the saw- 
toothed grain beetle (Oryzaephilus surinamensis L.) under various 
conditions of temperature, atmospheric moisture, and food. Rear- 
ings were made or attempted at temperatures of 15°, 20°, 25°, 30, 35°, 
and 40° C., at saturation deficiencies of 5, 12.5, and 22.5 mm., and 
with rolled oats, English walnuts, and raisins as food. 

At 5 mm. saturation deficit and on rolled oats as food, the total 
life cycle from egg to adult requires 69.06 days at 20° C., 30.31 days 
at 25°, 20.67 days at 30°, and 18 days at 35°. With rolled oats as 
food, the developmental optimum appears at 35° C. while with wal- 
nuts, the developmental optimum occurs between 30° and 35°. Eggs 
larvae failed to develop at 15° and 40°. In general, development. is 
more rapid at the higher humidities. The egg and pupal stages 
appear to be little affected by atmospheric moisture conditions. On 
the basis of the rate of development, rolled oats are superior to either 
walnuts or raisins as a food for the saw-toothed grain beetle. 

Adults of the saw-toothed grain beetle and the confused flour 
beetle were exposed to high temperatures. At 44° C. and 30-percent 
relative humidity, 50 percent of the flour beetles were killed in a 
little over 4 hours while at 46° and 50-percent relative humidity 
about 40 minutes were required. At 42°, 50 percent of the adult 
saw-toothed grain beetles were killed in 34 hours while. at 44° the 
exposure periods were approximately 4.5 and 5.7 hours at 30- and 
75-percent relative humidities respectively. 

Adult saw-toothed grain beetles exposed at 10° and 2° C. gave 50- 
percent mortality values at 30 days and 105 hours respectively. 
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RETENTION BY SOILS OF THE NITROGEN OF VARIOUS 
COMPOUNDS AS SHOWN BY SUBSEQUENT PLANT 
RESPONSE! 


By Joun P. Conrap 
Associate agronomist, California Agricultural Experiment Station 


INTRODUCTION 


Although nitrates and nitrites dissolved in the soil solution are not 
held by the solid phase of the soil against leaching, the ammonia 
form of nitrogen is strongly retained. Soil chemists have known these 
facts for many decades. The reactions of many other nitrogenous 
compounds with soils, however, have been but little studied. Do 
soil solids generally fail to retain the nitrogen contained in all of the 
more or less acidic anions like nitrate and nitrite? On the other 
hand, is the nitrogen in all the cations which exhibit only moderately 
basic properties retained by the soil solids as is that in ammonium 
ions? Experiments to test these questions further were undertaken 
in this study.. Regardless of how accurately the reactions of the 
soil with moderately acidic or basic ions may be foretold, questions 
regarding the retention of nitrogen-carrying units of intermediate or 
amphoteric properties are not answered thereby; nitrogenous com- 
pounds with neither pronounced anionic nor cationic properties were 
accordingly included in this study. 

With but few exceptions, soil fertility investigations directed to- 
ward ultimate application to field conditions must encounter the 
factor of percolating waters resulting from natural rainfall or irriga- 
tion. Soluble nitrogen-containing units, whether in ionic form or not, 
may be dissolved in the irrigation water and applied to the soil in 
this way. They may also arise in the soil either through the solution 
of nitrogenous fertilizers previously applied in a dry state, or as the 
end products of purely chemical reactions or of biological activity. 
In this connection, the soluble intermediate products of such trans- 
formations cannot be neglected. With such an important element 
of fertility as nitrogen, knowledge of the reactions with the soil of 
the various units carrying this element is important for efficient 
progress on many problems. 


METHODS 


The method described by Conrad and Adams (3)? was used because 
it net only gives a semiquantitative estimate of the reaction of the 
compound in question with the soil, but also indicates the effect of 
the compound on the growth of the test plants. In figure 1 is shown 
a column of pots illustrating the general method used. Each 4-inch 
pot, previously coated with asphaltum paint, was provided with a 
square of waxed paper to cover the drainage hole. Usually 400 gm. 


' Received for publication September 5, 1939. Investigations of the Division of Agronomy, California 
Agricultural Experiment Station, Davis, Calif. 
2 Italic numbers in parentheses refer to Literature Cited, p. 630. 
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of dry soil deficient in nitrogen was then added to each pot. The 
three pots of each column were stacked with the bottom one nesting 
in the drainage can and with the consecutive pots in the column held 
apart by a cannery-tin top punched with a large hole. The large 
5-inch pot above, equipped with a single-holed rubber stopper, was 
used as a reservoir for the test solution. A piece of glass tubing 
drawn out to a long taper and inserted in the hole of the rubber 
stopper constituted, with the stopper, a needle valve. The rate of 
flow was then easily regulated by raising or lowering this tapered 
tubing. Thus the test solution was allowed to drip slowly down upon 
the column of pots. At the outset, sufficient solution was added to 
the reservoir to wet the soil completely and to give some drainage 
through the bottom pot. A somewhat greater excess was used when 





Fiaure 1.—Effect on plants of the retention of nitrogen from various percolating 
solutions. At E the solution being tested slowly dripped from the reservoir 
above, down upon the column of 4-inch pots (1, 2, and 3), each containing 
about 400 gm. of dry soil deficient in nitrogen. ‘After percolation the pots in 
the columns were taken down and subsequently cropped. The test solution 
used in each case is shown on the card leaning against pot 2 of that column. 
The soil showed practically no abilitv to retain nitrogen in the anionic units 
of KCN (F), KCNO (@), and NaCNS (C). The nitrogen of choline hydro- 
chloride (D) was completely retained in the top pot. CaCN, (A) showed inter- 
mediate properties. 


these leachings were to be analyzed. In general the solutions were 
percolated through the columns as rapidly as possible. Usually 
within 12 hours after percolation started, the solution had disappeared 
from the reservoir above and from the surface of the soil in the top 
pots, and water had appeared in the drainage can. Except as noted 
below, no effort was made to prolong the actual percolation. Gener- 
ally in from 24 to 48 hours after percolation the pots were taken 
down and cropped, each pot being provided with a separate drainage 
can. In some tests, the seed had been planted in the dry soil before 
percolation; in others, planting was deferred until a few days or more 
after the columns were dismantled. Double Dwarf milo and Double 
Dwarf darlo, varieties of grain sorghum (Sorghum vulgare Pers.) 
commercially grown in California, were used as test plants. 

In experiments reported with phosphorus compounds (2), the pots 
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were weighed before and after percolation to evaluate the uniformity 
in the amounts of moisture held by the soil in the various pots of the 
column. These showed variations of less than 10 percent of the mois- 
ture present between that held by the top pots and that held by the 
bottom ones. Even though weighings of pots were only occasionally 
made for the tests reported herein, the variations in moisture held 
by the soil were assumed to be no larger than in earlier studies. 

Nonretention of the compound or at least its nitrogen-containing 
units by the solid phase of the soil was indicated by the nearly equal 
distribution of the nutrient (or toxic) effects of the solute, assuming 
equal distribution of the solvent among the pots of the column. 
Unequally enhanced (or in cases of toxicity, injured) growth among 
the pots of the column, with the divergence from the corresponding 
pots of the distilled-water columns being greater in the top pot and 
successively less or absent in lower pots, indicated retention. Nitro- 
gen-containing (or in cases of injury, toxic) units that were retained 
had reacted either physically or chemically with the soil by becoming 
more or less firmly affixed to the solid particles of the soil and had 
thereby been more or less completely removed from the solvent as it 
trickled by. 

The oils used in this study were as follows: 

Yolo fine sand (a loamy fine sand), C—11, was secured as a deep 
subsoil sample from a Yolo soil on the southern bank of Putah Creek 
on the university farm at Davis. This soil and the next two are 
described in the Soil Survey report of the Dixon area (4). 

Yolo silt loam, C-62, was secured as a surface sample from the 
experimental plots of the Division of Agronomy, at Davis; it had 
previously been cropped to small grains. 

Yolo fine sandy loam, C-68, was secured as a subsoil sample from 
a depth of 1 to 2 feet from the agronomy experimental area on land 
that had been planted to a variety of crops and that had lain fallow 
for a few months before the sample was collected. 

Fresno fine sandy loam, C-10, was secured as a surface-soil sample 
from a vineyard about 10 miles northwest of the city of Fresno. 
This soil is described in the soil survey of the Middle San Joaquin 
Valley (9). 

The nitrogen compounds used in these experiments were as follows: 


C. p. chemicals—Ca(NO3)., NaNO;, NaNO., KCN, KCNO, picrie acid, 
NaCNS, K.Fe(CN),5, K;Fe(CN)s, NHsOOCCH:, (NH,)2CO3, NH,OH, 
ee (NH,).SO,, urea, hydrazine sulfate, and hydroxylamine 
sulfate. 

Chemicals of other grades—acetamide (purified crystals), peptone (bacterio- 
logical), egg albumin (impalpable powder, soluble), gelatin (granular edi- 
ble), blood albumin (technical), commercial sulfamic acid, and ammon- 
ium sulfamate; cyanamide (CaCN,) bought as a fertilizer. 

Chemicals of highest purity—guanidine carbonate, theobromine, glycine, 
hippuric acid, glutamic acid, formamide, dicyandiamide, phenylurea, 
thiourea, cyanuric acid, acetonitrile, and acetoxime, and hydrochlorides 
of methylamine, dimethylamine, trimethylamine, choline, semicarbazide, 
cysteine, and arginine. 

Chemical of practical grade—tetramethylammonium chloride. 


GROWTH STUDIES 


_ The tests with the various nitrogen compounds were conducted as 
time and the supply of materials permitted. Included in each growth 
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series were columns percolated with distilled water to serve as checks 
in evaluating the data secured with the various solutions. The main 
interest in these data arises from the behavior of different forms of 
nitrogen on the basis of the chemical properties of each. Since the 
various growth series could not be arranged according to the chemical 
properties of the compounds, it seemed best to report the data in 
table 1 not as the compounds were grouped in the separate growth 
series but in a recapitulated form arranged as follows: Section A, 
nitrogen in anionic units; B, nitrogen in cationic units; C, nitrogen in 
amphoteric or approximately neutral units; and D, checks with dis- 
tilled water and cultural data applicable to each growth series. 

In section A were placed sulfamic and picric acids, both fairly 
strong acids, as well as the salts of either weak or strong acids. Nitro- 
urea, though somewhat stronger than acetic acid (13), is placed in 
section C for comparison with urea. All fairly strong bases containing 
nitrogen, as well as the salts of such bases, are in section B. Section 
C contains the weaker acids and weaker bases, as well as the ampho- 
teric and approximately neutral organic compounds. Cysteine, even 
though used as the hydrochloride, belongs to this group. 

In sections A, B, and C of table 1 are columns headed ‘Growth 
series.” By referring to theicorresponding growth series in sec- 
tion D, the yields resulting from each solution can be compared 


TABLE 1.—Retention of the nitrogen from various percolating solutions by the solids 
of different nitrogen-deficient soils in columns of three 4-inch pots as shown by the 
subsequent average yield of replicated cultures of Double Dwarf milo and darlo 


A, NITROGEN IN ANIONIC UNITS 





Growth Average green yield per pot 


: ; series | Repli- 
Percolating solution (see gation 
sec. D S| Poti, | Pot2, | Pot3, | control 
below) top | middle | bottom ash 








Grams Grams 


Calcium nitrate, Ca (NO3)2 1218.6 . 114.8 


Sodium nitrate, NaNO; 

Sodium nitrite, NaNO. 

Potassium cyanide, KCN 

Potassium cyanate, KCNO 

Sulfamic acid, HSO;NH2 

Picric acid, (NO:)3CsH20H 

Sodium thiocyanate, NaCNS.. 

Potassium ferrocyanide, KaFe(CN)s.- 
Potassium ferricyanide, K;Fe(CN)s_- 
Calcium cyanamide, CaCNo......._...--_-- 
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B, NITROGEN IN CATIONIC UNITS 








Ammonium acetate, NHs,OOCCH; 
Ammonium carbonate, (NH4)2C0O3 
Ammonium hydroxide, NHsOH 
Ammonium phosphate, (NH4)2HPO, 
Ammonium sulfamate, NHiSOs;NH2 
Ammonium sulfate, (NH4)2SO, 
Hydrazine sulfate, N2HiH2SO, 
Hydroxylamine sulfate, (NH2OH):H2S0O, 
Tetramethylammonium chloride, (CH3)4NC1 - - 
Hydrochlorides: 

Trimethylamine, (CH;);N.HCl 

Dimethylamine, ees NH.HCl 

Methylamine, CH;NH2HCl 

Choline, HO(CHAN (GHD s0H. HCl 

Arginine, CeHuNiO2.HCl 
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TaBLE 1.—Retention of the nitrogen from various percolating solutions by the solids 
of different nitrogen-deficient soils in columns of three 4-inch pots as shown by the 
subsequent average yield of replicated cultures of Double Dwarf milo and 
darlo—Continued 


C, NITROGEN IN AMPHOTERIC OR APPROXIMATELY NEUTRAL UNITS 





Growth Average green yield per pot 





Percolating solution pos 
ons! Pot1, | Pot2, | Pot3, Control 
top middle | bottom a 








~| Number | Grams | Grams | Grams | Grams 


— 


14.1 
" 


30 


$7.4 

Do 1615.8 
Hippuric acid, — 7. 

Glutamic acid, C;HyN 1617.8 


—— Taicchintée HOOCCHNH:CH>- 


SH.HCl 
Formamide, ont 
Acetamide, CH;CON: 
Dicyandiamide, Ne (: sindseiceiccumsanle 
Urea, NH. eencede teceat 


Do 
Phenylurea, CoHsNHCONH?_.--- 
Nitrourea, NHs>CONHNO, 
iotiren, Diese dis... -- 2s. c 5c ne se eee 
Cyanuric acid, H3C3N303-- 
Acetonitrile, CH;CN 
Acetoxime, (CH3):,C:NOH 
Peptone 
Egg albumin 
Blood alumin 


~ 
PrPpe 


ne 
— 
aa 
~~ 


oe 


ob 
et et et 9 PO pet SO HO SE SH 9D TO 


ts wh 
WOWHUIANRPOSCNHNOCASHR 20 
= 


Conran 


) 
SCOCDHONROMNAOME 


= 
o 
~ 


wo 


-~ 
s 
bet et DO St 9 Pt 9 tS tt 


pata 
SEM OKrNwwr 

i 

S 


~ 
— 


_ 


DPV PID PNO HE NBHNOAOA COMM 
r 
fo pom peg, 


Ne PP PATIO OR WK Wow ROT 
COW WWRAIWWWWWWWWWN Www 


COorNOK ORDO 


1540, 


























D, CHECKS WITH DISTILLED WATER 





Average green yield per pot 





Experiment | Experiment | Repli- 
began ended cations 


Pot 1, | Pot 2, | P°t3,| gon. 


; bot- 
top |middle terri 





Grams 
Apr. 20, 1938 1. 
May 25, 1938 
Nov. 14, 1938 
Dec. 16, 1938 
Nov. 9, 1938 
Nov. 16, 1938 
Aug. 15, 1938 
. 20,1939 | Apr. 17, 1939 
































ot ge A opeg eal (6, p. 114) from the corresponding pots of the distilled-water columns as reported 
in sec =0.0 

2 Statistically different (5, p. 112) from the hwy “es the column to the right and for the pot next below it 
in the column of pots. P lies between 0.02 and 0. 

3 "os. different (5, p. 114) ay the srermapedineg pots of the distilled-water columns as reported 
in sec. D. Plies between 0.01 and 0.0: 

‘an ee different (5, p. 114) ol the corresponding pots of the distilled-water columns as reported 

in sec. D. P lies between 0.02 and 0.05. 

® Statistically — (5, Dp. te from the value in the column to the right and for the pot next below it 
in the column of po’ P=0.01 

6 Statistically different (5, p.1 o oo the value in the column to the right and for the pot next below it 
in the column of pots. P lies between 0.01 and 0.02. 


with the yields similarly and simultaneously secured by using dis- 
tilled water as the test solution. Section D reports the cultural data 
applicable to each growth series, such as the time of the experiment, 
the soil used; and the crop planted. Every reasonable effort was made 
to keep growth conditions uniform for all cultures in each series. 
After growth had started and stands had been secured, the pots in 
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each series were randomized, and the customary care was given. 
Tap water was used for watering the crops. 

The growth series numbered 1a as reported in table 1 inadvertently 
lacked columns percolated with distilled water. The same soil was 
used as in series 1, and the growth periods overlapped. No great 
error is involved, the writer believes, in using the yield figures for 
distilled-water columns from series 1 to evaluate the results secured 
for Ca(NO;),. and for urea. 

In the various growth series, the amount of nitrogen applied per 
column varied somewhat. In growth series 1, each column received 
30 milligram-atoms of nitrogen; in series 1a, 12.4; in series 2, 30 and in 
each series from 3 to 7 inclusive, 10 milligram-atoms of nitrogen per 
column. 

Besides the yields of the different pots in the columns resulting from 
the different solutions, table 1 reports yields from control pots grown 
simultaneously. Each of these received one-third the volume of the 
same concentration of the test solution in question as was added to 
the respective column of three pots. The various levels of statistical 
significance for each of the values are expressed as superscripts given 
in footnotes. 


CHEMICAL TESTS 


Some of the growth studies reported in table 1 gave inconclusive 
evidence with certain compounds. During the revision of the manu- 
script, it seemed desirable to make a limited number of tests (by 
methods employed in other studies) with some of the more interesting 
solutions. Each solution to be tested was added to a single pot con- 
taining 400 gm. of dry soil (C—68) in four successive portions applied 
about 2 hours apart. The first portion, 250 ml., gave about 90 ml. 
of percolate. The other three portions were of 115 ml. each. Suitable 
aliquots of the original solution and successive percolates were analyzed 
for nitrogen by the Kjeldahl method and the concentration of nitro- 
gen < milligram-atoms per liter calculated. The results are shown 
in table 2. 


TaBLE 2.—Concentration of nitrogen as determined by the Kjeldahl method in the 
original solution and in four successive percolates of approximately 100 ml. each 
passing through Yolo fine sandy loam 





Concentration of nitrogen per liter in— 




















Solution | 
Original | Percolate | Percolate | Percolate | Percolate 
solution 1 2 | 3 4 
Millignam- | Milligram- | Milligram- | Milligram- | Milligram- 
atoms atoms atoms atoms atoms 
1 SESE ISAT ater enone apenas 0.0 0. 0 0.4 0.2 
Guanidine carbonate... -............------- 26. 1:3 2] 4 4 
GSS AEP ae eon one 19.4 13.2 18.2 | 19.0 19.2 
(A RG ES CIR Reena 19.4 13.8 gat ee 20. 4 
Sad ee 17.0 1.2 1.4 | 3.2 5.0 
RR a SSE SS ag oe 46. 2 1.8 5.4 | 12.6 19.6 
| 





NITROGEN IN ANIONIC UNITS 


The soils in this study that were stimulated in yield of plants by 
Ca(NO;)2, NaNO;, NaNO,, KON (fig. 1, F), and KCNO (fig. 1, @) 
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did not retain the nitrogen of any of these compounds sufficiently to 
affect significantly the yields of the subsequent crops of sorghum. 
Sulfamic acid, picric acid, and NaCNS, being toxic, significantly 
decreased the yields of these crops and were not retained significantly 
by these soils. The yellow color of the picric acid solution was easily 
recognized in the leachings from the bottom pot. Neither potassium 
ferrocyanide nor ferricyanide significantly affected the yields of 
sorghums in these studies. Judging from the yellow color of the leach- 
ings, the soil did not retain the whole of either of these compounds. 
As is widely recognized, calcium cyanamide rapidly hydrolyzes in the 
soil to give urea, which in turn is subject to further transformations. 
Perhaps because of the small number of replicates used, statistically 
significant differences in yield were not secured between successive 
pots of the CaCN, columns (fig. 1, A). The yields of the top pots are, 
however, significantly (P lies between 0.02 and 0.05) greater than 
those of the bottom ones. This is the same type of behavior secured 
with urea as reported in section C, growth series 3. 


NITROGEN IN CATIONIC UNITS 


In section B of table 1 are reported the results with solutions con- 
taining nitrogen in cationic units. Practically without exception, 
all the nitrogen present in these units was retained in the top pots of 
their respective series. With NH,OH, the increases in the second pots 
just reached the lowest level of statistical significance. Possibly 
some NH; gas from NH,OH diffused ahead of the percolating solution. 
The ammonium nitrogen of all other compounds tested was retained 
in their respective top pots. 

These cultures demonstrate in plant growth what Way, as cited 
by Russell (12, p. 148), showed chemically in 1850. The results with 
ammonium sulfamate show the beneficial effects of the ammonium ions 
retained in the top pot superimposed on the toxic effects of the sul- 
famate ions, which, though not retained by the soil solids, were 
(sulfamic acid, sec. A) generally present throughout the column in 
the soil solution. 

Since hydrazine as listed by Hodgman (8) is a base not much 
weaker than ammonia, its retention by the soil would be expected. 
Hydroxylamine, according to Olander (11), has a dissociation con- 
stant of 1.07 X 1078 as a base; evidently it is somewhat weaker than 
hydrazine, though not sufficiently so to be classed as very weak. Ex- 
cept for semicarbazide, it is probably the weakest base listed in 
section B. 

Results similar to those with ammonium salts were secured with 
the various methyl-substituted ammonium compounds; the hydro- 
chlorides of methyalmine, dimethylamine, and trimethylamine; and 
tetramethylammonium chloride. Cultures of some of these are 
shown in figure 2. The nitrogen of choline, a basic compound occur- 
ring in some plants and resulting from the hydrolysis of the lecithins, 
was retained in the top pot. 

Arginine, generally classed as a diamino-monocarboxylic amino 
acid, has moderately strong basic properties. In consequence, its 
complete retention in the top pot of the column is not surprising. 
239804—40-—4 
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Guanidine, a monoacidic base, is almost as strong as sodium hy- 
droxide (13). We should, therefore expect it to be retained com- 
pletely in the top pot of the column. Since there was no growth in 
the top pot of the column, evidently the guanidine, which is toxic, 
had been retained. Data in table 2 likewise confirm this reten- 
tion. In addition, apparently, some transformation products, water- 
soluble and nitrogen-containing, were formed during percolation and 
were carried down in the percolating waters, causing significantly 
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Fiacurr 2.—Effect on plants of the complete retention of nitrogen from percolating 
solutions of various compounds by the soil in the top pots of the respective 
columns: A, B, F, and G, Methyl-substituted ammonium compounds; C, 
hydroxylamine sulfate, D, distilled water; EF, theobromine. 


increased growth in the second pot. Semicarbazide (8) is a weak 
base; most of its nitrogen was retained in the top pot. The signifi- 
cantly increased growth of the second and third pots over those of the 
check would indicate, however, either an incomplete retention of 
semicarbazide or the movement of some of its decomposition products 
down in the column. 
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If a dilute solution of NH,Cl is shaken up with a portion of soil and 
then filtered off, and successively shaken up and filtered off, each time 
with a new portion of the same soil, the concentration of NH, ions 
rapidly diminishes with each successive transfer, until it has practi- 
cally disappeared from solution. The NH, ions have replaced an 
equivalent amount of other cations such as Ca, Mg, Na, and K and 
have thereby become attached to the solid phase of the soil. If the 
amount of solution and the soil be reduced to very small but still 
finite quantities with the concentrations and ratios remaining con- 
stant, the same type of results would be expected. 

The layers of soil in the percolating column in order from top to 
bottom may be regarded as successive portions of the same soil dis- 
cussed above, arranged naturally so that the filtrate from one auto- 
matically comes in contact with and percolates through the one below 
it by the action of gravity. As the front of the percolating solution of 
NH,Cl advances downward through the soil, it may be considered 
to approach equilibrium more or less completely with each layer in 
turn. Even if equilibrium is by no means completely attained, still 
each successive layer of soil will exchange Ca, Mg, Na, and K ions for 
the NH, ions from the percolating liquid as it trickles by. Each 
successive addition of solution upon passing down through the soil 
will be higher in concentration of NH, ions than its predecessor; 
hence its original supply of NH, ions will penetrate farther down in 
the soil column. The exchange capacity of the average soil for NH, 
ions is so great and the speed of reaction so rapid, however, that no 
significant quantities of NH, ions would ordinarily leave the top pot 
of a three-pot column. 


NITROGEN IN AMPHOTERIC OR APPROXIMATELY NEUTRAL UNITS 


A soil containing 150 milliequivalents of replaceable cations per 
kilogram may be considered to be fairly well buffered against material 
change in reaction from solutions of amino acids containing 20 milli- 
gram-atoms of nitrogen per liter, especially when the amounts of the 
solutions are but little more than enough to wet the soil thoroughly. 
The reaction of the soil through which the solution of the amino acid 
is percolated is one of the dominating factors in determining the 
possible chemical reactions of these amphoteric substances. The 
- sel in these studies were approximately neutral to slightly 
alkaline. 

An amino acid such as arginine with a basic isoelectric point (pI? 
about 10.8) would be expected to dissociate, so that in a neutral soil 
(about pH 7) its nitrogen-containing ions would be cations. The 
complete retention of the nitrogen of arginine in the top pot as reported 
in section B, table 1, was therefore not surprising. A dicarboxylic 
monoamino acid such as glutamic acid (pI* about 3.2) in a neutral 
soil would be expected to have its nitrogen in anionic units. Though 
its nitrogen penetrated to a considerable extent into the middle and 
bottom pots, yet penetration was not the same as with the nitrogen 
of other anionic units, such as nitrate, nitrite, cyanate, sulfamate, 
etc. What other properties of glutamic acid are responsible for a 
imei retention of its nitrogen in the top pot remains to be deter- 
mined. 


3 pl is the pH of the isoelectric point. 
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Glycine (pI about 6.0) and cysteine (pI about 5.1) with isoelectric 
points lying in between those of arginine and glutamic acid were also 
between them in the ability of the soil to retain the nitrogen of each. 
Cultures showing the results of tests with some of these compounds 
appear in figure 3. 

Though the growth response in table 1, section C, showed neither 
benefit nor injury either from cyanuric acid or from dicyandiamide, 
the chemical data of table 2 clearly indicate that only a very little 
of the nitrogen of these compounds was retained by the soil. 

The nitrogen of formamide was retained rather strongly (table 1, 
sec. C), but still incompletely by the soil of the top pot. Under the 
conditions of these experiments, there is no evidence of retention of 


Cysteine HCi Giycine} Aroinine HCl 





FicurEe 3.—Types of plant response to and retenton by soil of various nitrog- 
enous organic compounds when used in percolating solutions: No retention 
with acetonitrile (CH;CN); complete retention with arginine hydrochloride. 
Intermediate types of retention with the amino acids glycine and cysteine. 
Acetoxime (CH;)2C: NOH, gave but little response and no evidence of retention. 


the nitrogen of acetamide, the yields from the three pots of the column 
being nearly equal (table 1, sec. C). Conant (/) regards amides as 
essentially neutral substances, while Sidgwick (13) regards them as 
very weak bases. Hodgman (8) lists acetamide as a base, with, 
however, a dissociation constant less than that of water. The equiv- 
alent conductance as determined (10, v. 6, pp. 261-262) at about the 
same concentrations is slightly more than 10 times as great for acet- 
amide as for formamide. Assuming from these data that formamide 
is a weaker base than acetamide, the difference in retention by the 
soil solids between these two amides could not well be explained on 
the basis of their basic and acidic properties. 

For growth series la (table 1, sec. C), the trials with urea showed 
definite and statistically significant but not strong retention of the 
nitrogen by the soil in the successive pots, beginning at the top. In 
series 3, although the differences in yields of consecutive pots in the 
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column are not significant, the yields of the top pots are significantl 
(P=0.02) greater than those of the bottom ones. Some other trials 
with urea conducted over the last 2 years have suggested the same 
type of behavior; but insufficient numbers of replicates and high varia- 
bility in yields have resulted in inadequate statistical significance. 
It was hoped that the various derivatives of urea tested would show 
how the substitution of various organic radicals into the molecule 
affects the retention of urea by the soil, but with the variability 
encountered, three replications have been insufficient to give even 
suggestions. Thiourea proved toxic throughout the soil column. 

Acetonitrile and acetoxime gave no evidence of being retained by 
the solids of the soil. With the acetonitrile, in fact, an anomalous 
situation occurred. A significantly greater yield was secured from 
the bottom pots than from the middle or top ones. 

Peptones, essentially a mixture of polypeptides, might be expected 
to react as do amino acids in these experiments. The evidence so 
far gathered and herein reported agrees qualitatively with such an 
hypothesis. More extended trials will be necessary to determine 
whether the apparent movement of nitrogen compounds to the second 
and bottom pots is significant. 

The yields of successive pots of the egg-albumin columns are not 
significantly different. Those of the top pots exceed those of the 
bottom pots by differences that are highly significant. The chemical 
tests reported in table 2 clearly show that most of the nitrogen of egg 
albumin was retained in the top pots. The amounts percolating 
through the soil, especially in the last percolate, are appreciable, 
however. 

It has been suggested (3) that one possible interaction of gelatin 
with the soil is a filtering out of the dispersed colloid from the per- 
colating solution by the soil as an ultra filter. In a soil near neutrality 
both gelatin and the soil particles would be negatively charged. In 
consequence, maximum adsorption of the gelatin by the soil because 
of neutralizing opposite charges would not occur. Gieseking (6) 
lists ‘gelatine’ among the exchangeable cations that react with 
montmorillonite and related minerals. As he used clays saturated 
with hydrogen ions, his findings might conceivably not apply to the 
more alkaline conditions near neutrality prevailing in these tests. 
Other factors undoubtedly contribute to the results observed. 

The nitrogen of theobromine (dimethyl xanthine, a purine base) 
was completely retained in the top pot. Hodgman (8) lists caffeine 
(trimethyl xanthine) as being little stronger as a base than water. 
Assuming that there is.small difference between these two com- 
pounds as bases, the complete retention of the nitrogen of theo- 
bromine in the top pot is somewhat surprising if considered from the 
viewpoint of its basic properties alone. Some unknown substance or 
substances in the soil solution might have precipitated the theo- 
bromine, or the soil solids might have reacted with it in such a way as 
to remove it from solution. 


DISCUSSION 


The nonretention of nitrogen in anionic units is not unexpected; and 
from the standpoint of the theory of cationic exchange in soils, the 
practically complete retention of the nitrogen in medium to strongly 
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basic cations is almost predictable. Considering, however, the reten- 
tion of the nitrogen of the approximately neutral or amphoteric units, 
the behavior of any compound cannot be predicted on the basis of 
reaction alone. Thus though formamide is probably a weaker base 
than acetamide, its nitrogen was retained much more strongly by the 
soil solids than that of acetamide. 

In the presence of proper catalysts or under conditions favoring 
microbial activity, ammonia may be more or less easily split off from 
these parent compounds. Sidgwick (13, p. 141) indicates that forma- 
mide is more easily hydrolyzed to ammonia and the corresponding 
organic acid than is acetamide. If ammonia were thus separated 
from any of these compounds during percolation, the soil would react 
with it in accordance with its own individual chemical properties and 
would retain it at, or very near, the point in the soil where that particu- 
lar molecule of ammonia was split off. If such were the mechanism 
involved, a slower rate of percolation would allow a greater lapse of 
time for catalytic reaction or biological activity to become effective 
in splitting off more ammonia. 

A reexamination of yield data disclosed approximately equal sums 
for the yields of three pots for given columns percolated with solutions 
of the same compound. Considerable variation occurred, however, 
among yields secured from the replications of the first, second, or 
third pots respectively from these columns. Chance variations in the 
rate of dripping from the reservoir above, together with unequal rates 
of percolation from pot to pot caused by chance differences in packing 
of the soil, might well have produced such variation. The writer 
considers this unequal rate of percolation as one major cause of high 
variability in some of these tests. In growth series 7, glycine, cysteine 
hydrochloride, and arginine hydrochloride were percolated by adding 
in five successive portions approximately one-fifth of the percolating 
solutions to the respective reservoirs, with about 12 hours between 
successive applications. Prolonging the time of percolation, as in 
growth series 7, apparently favored ammonium formation by catalytic 
reaction or micro Fal activity. See glycine in growth series 3 and 7, 
table 1, sec. C.) 

ah ee Al of cysteine, which is very soluble, to cystine, which 
is very slightly soluble, may take place by oxidation in air or under 
alkaline conditions (7, p. 123). With the concentration used (approxi- 
mately 20 millimols per liter), about 90 ercent of the nitrogen present 
would be —— if all the cysteine were changed to cystine. 
This transformation might well be one of the mechanisms by which 
such a large part of the nitrogen of cysteine was retained in the top pot. 
No mechanism of the same ty e seems to be at hand to explain the 
somewhat similar retention with glycine. 

In case injury followed a particular test, it was assumed that the 
compound in question was toxic, although the damage may have 
been caused by decomposition products of that compound. Since the 
soils used were deficient in nitrogen under the conditions of the experi- 
ment, significant beneficial responses showed the position of the nitro- 
gen of the compound regardless of whether this element was present 
In its original form or in physiologically effective forms resulting from 
subsequent biological changes. 
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It is assumed that many of these compounds if left to incubate a 
sufficiently long time would be converted almost quantitatively to 
nitrates. Such nitrates would, of course, be expected to react as 
have the nitrates reported in this paper. 

Retention of the soil solids of some of the compounds tested, such 
as potassium ferrocyanide, potassium ferricyanide, and phenylurea 
as shown in table 1 was not fully determined by the criterion of sub- 
sequent plant response. Obviously these compounds were neither 
toxic enough nor beneficial enough in these experiments to influence 
the crop. Studies by the methods of analytical chemistry would 
undoubtedly be required for further advancement of our knowledge 
in this direction. 

This study has served to give in terms of plant response a quali- 
tative (and in some cases a semiquantitative) estimate of the reaction 
of the nitrogen of a wide variety of compounds in solution with the 
solid phase of the soil. Further elucidation of the role of various 
factors involved, especially with some of the compounds presenting 
new types of behavior, must await the accumulation of further experi- 
mental evidence. 

SUMMARY 


Each nitrogen compound in solution was allowed to percolate 
through a column of three pots containing dry soil deficient in nitro- 
gen. The volume of solution was sufficient to wet all the soil but 
without great excess. If the compound was beneficial, the enhanced 
growth of the subsequent test crop was used to determine retention; 
if it was toxic, the reduced growth was used. The results obtained 
were as follows: 

(1) Nitrogen contained in anionic units in the compounds: Calcium 
nitrate, sodium nitrate, sodium nitrite, potassium cyanide, and potas- 
sium cyanate were not retained by the solids in the soils tested, as 
was shown by beneficial plant response in all pots of the respective 
columns. Nonretention of sulfamic acid, picric acid, and sodium 
thiocyanate was shown by injury to the growth throughout the pots 
of the respective columns. 

(2) Nitrogen contained in cationic units in the compounds: Am- 
monium acetate, ammonium carbonate, ammonium hydroxide, am- 
monium phosphate (monohydrogen), ammonium sulfamate, ammo- 
nium sulfate, hydrazine sulfate, hydroxylamine sulfate, tetramethyl- 
ammonium chloride, and the hydrochloridés of trimethylamine, 
dimethylamine, methylamine, choline, and arginine were completely 
or almost completely retained in the top pots of their respective 
columns. Most of the nitrogen of semicarbazide hydrochloride and 
of guanidine carbonate was retained in the top pots of their respective 
columns; yet small but still significant amounts penetrated to lower 
pots. 

(3) There was no evidence of any retention of the nitrogen of ace- 
tonitrile, acetoxime, or acetamide. The nitrogen of glycine, cysteine 
hydrochloride, glutamic acid, formamide, urea, and CaCN, was re- 
tained to a certain degree by the soil solids. Indications are that 
decomposition to liberate ammonia and the resultant retention of 
this form of nitrogen during the period of actual percolation are im- 
portant factors in retention with these compounds. Peptone, egg 
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albumin, and blood albumin showed the same type of retention, 
whereas the nitrogen of gelatin and that of theobromine were com- 
pletely retained in the top pots of their respective columns. 
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THE RESISTANCE OF PROGENY OF KATAH DIN 
POTATOES TO VIROSES ' 


By Leon K. Jonzs, associate plant pathologist, C. L. VincEnt. associate horti- 
culturist, and Eart F. Burk, formerly assistant horticulturist, Washington 
Agricultural Experiment Station 2 


INTRODUCTION 


Schultz et al. (//)*reported the Katahdin variety of potato (Sola- 
num tuberosum L.) as being resistant to infection in the field by the 
mild mosaic virus and by the latent or X virus. They further re- 
ported the Katahdin variety to be resistant to the latent virus when 
mechanical inoculation methods were used, but susceptible when 
tested by tuber grafts. Smith (14), however, reported that Katahdin 
is not resistant to the X and Y viruses when inoculated by the rubbing 
and needle-scratch methods. In a previous publication (9) it was 
shown that Katahdin, as well as Chippewa and Russet Burbank, 
was somewhat resistant to infection by the Y virus in the field when 
compared with Bliss Triumph, Gold Coin, Irish Cobbler, Warba, and 
U.S. D. A. 41956. It was further shown. that Katahdin was the only 
variety that transmitted to seedling progeny resistance to infection 
by the Y virus in field tests of seedlings developed from crossing and 
selfing 11 varieties of potatoes. 

The Y virus in combination with the X virus is responsible for 
the rugose mosaic disease that is very destructive, in many potato- 
growing areas, to common commercial varieties of potatoes. Since 
the older commercial varieties in the United States are carriers of 
the X virus without material damage to the stock, the introduction 
of the Y virus is the destructive element in rugose mosaic (6). 

It has been shown in a previous publication (9), as well as by other 
investigators, that the Y virus is capable of causing severe damage to 
potatoes even in the absence of the X virus. This has been demon- 
strated by inoculation of the Y virus into seedlings that were virus- 
free. Marked variation in symptoms, including mottling and severe 
necrosis, is exhibited by seedlings and clones infected only by the 
Y virus (9). 

In order to obtain further information on the value of Katahdin 
as a parent in the development of potato seedlings resistant to viroses, 
a number of tests were made beyond those reported in 1937 (9). The 
results of these tests are reported in the present paper. 


RESISTANCE TO VEIN-BANDING 
METHODS 


Seed developed by the Division of Horticulture of the State College 
of Washington, as well as seed and tubers of named and numbered 
varieties furnished by the United States Department of Agriculture, 
were used in these investigations. 

1 Received for publication August 7, 1939. Published as Scientific Paper No. 413, College of Agriculture 
and Experiment Station, State College of Washington. 
2 Acknowledgement is ‘made to Dr. F. J. Stevenson of Bureau of Plant Industry, U.S. Department of 


Agriculture, for furnishing seed and tubers of named and = varieties for the tests. 
3 Italic numbers in parentheses refer to Literature Cited, p. 64 
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The seed was planted in the greenhouse about March 15 each 
season and the young seedlings transplanted to beds 4 to 6 weeks 
after seeding. Previous to 1938 all the seedlings were transplanted 
to the field during the last of May or the first part of June. In 1938 
and 1939 the seedlings were mechanically inoculated with the Y 
virus according to the method described by Jones (8) soon after they 
were transplanted to the beds in the greenhouse. A period of 30 to 
45 days was allowed following inoculation before roguing the affected 
—_ and transplanting the symptomless (resistant) plants to the 
field. 

The year the seedlings were started and the numbers observed are 
as follows: 1924, 167; 1925, 28; 1926, 138; 1927, 924; 1928, 443; 1929, 
448; 1930, 449; 1931, 350; 1932, 720; 1934, 2,081; 1936, 776; 1937, 
4,000; 1938, 9,728; and 1939, 8,038. Records of the prevalence of 
vein-banding (Y virus) in the plantings have -been taken each year 
since 1933 by making three field inspections during the growing 
season. Previous to 1933 the badly diseased stock was rogued from 
the planting without definite information on the causal virus. During 
the winters of 1933 to 1937 all the virus-free clones, those recorded as 
“virus infection questionable,’ and many of the virus-infected clones, 
as recorded in the previous summer observations, were indexed in 
the greenhouse. Five to twenty tubers representing each clone to 
be tested were planted in the greenhouse. The indexing consisted in 
observing the symptoms of disease, if any, shown by each plant, and 
inoculating with macerated leaf tissue from each potato plant into 
tobacco plants according to the method described by Jones (8). 
These detailed studies in the greenhouse showed that the Y virus was 
responsible for practically all of the viroses observed in the field 
plantings with the exception of a few cases of leaf roll and latent 
mosaic. In 1938 and 1939 curly top developed in the plantings to a 
damaging extent. 

In addition to the seedlings started each year, field plantings were 
made with the clones noted the previous year as resistant to the Y 
virus. Clones that had been grown in the field 2 or more years were 
planted with 25 hills per numbered variety, often in triplicate, and 
the clones that had been grown only 1 year from true seed were 
planted with 12 hills per numbered variety. Many of the numbered 
varieties noted as susceptible to vein-banding, but having desirable 
characters, were saved each season and interplanted in the rows with 
the resistant varieties. Twenty-five hills each of the named and 
numbered varieties, often in triplicate, and the single drop tubers 
(1 small tuber from each numbered variety) furnished by the United 
States Department of Agriculture were interplanted in rows with the 
stock developed from seed. 

Most seasons every third or fifth row was planted with varieties 
known to be affected with vein-banding, and from 40 to 50 percent 
of the stock used each season was affected with vein-banding. Al- 
though the resistant clones and varieties were not uniformly inter- 
planted with the diseased stock in the rows, observations each season 
showed that ample opportunity was afforded for 100-percent infection 
of the susceptible clones and numbered varieties. 

Varieties which showed no vein-banding or less than 30 percent 
affected in a given season were classed as resistant, in contrast to the 
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susceptible ones, most of which showed 100-percent infection under 
similar conditions. 


EFFECT OF A COMBINATION OF VIRUSES 


In order to determine whether a combination of viruses might be 
responsible for the variation in symptoms, a series of tests was made 
on different lots ‘of seedlings using the virus extract from necrotic 
(fig. 1) as well as from mottled (fig. 2, C) plants. 





Figure 1.—Necrosis of Katahdin, selfed seedlings produced by inoculation with 
the Y virus. 


TaBLE 1.—Variation of symptoms in potato seedlings following mechanical inocu- 
lation with the Y virus 





Plants infected that 


























Seed- showed— 
Source of virus Parentage of seedlings inoculated ings 
1nocu- 
lated Mottling | Necrosis 
: . ee Number | Percent Percen 
. fn fnlAai£|jaeablsy ANULUMC!L A AWICUOLIIUCA...... ¢ . . 
Mote seating in tla. (ea Nara Moore we) aka] 8g 
eanty por rcr X McCormick... .._- : 36 91.7 8.3 
: : : RTS a ae 16 100.0 0 
Necrotic Katahdin seedling *..|) ich Cobbler MA ROMO. c 8, 40 100.0 0 
oS OY _) ea eee eae 45 35.6 33.4 
Early Norther X MeCormick._____. i 38 92.1 7.9 
Mottled Katahdin seedling *...\Trisn Gobbler X Keepers] | ee] 
MAURO, MOG. oan cnn oi cce nce sedncs 45 35.6 28.8 





_| The Y virus was obtained from infected tobacco plants that had been inoculated from seedling 2563 
tissue collected in the field. é 

The Y virus was transferred from necrotic Katahdin seedlings noted above. 
‘ The Y virus was transferred from mottled Katahdin seedlings of second test noted above. 
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An analysis of the results of these tests (table 1) shows that the 
ratio of necrosis to mottling was practically the same in infected 
plants of seedling lots regardless of whether the inoculum was from 
necrotic or mottled plants. This shows that a single Y virus was 
responsible for the variable symptoms observed. 





Figure 2.—Symptoms produced on potato seedlings: A, Mottling; B, necrosis 
by the tobacco mosaic virus; C, mottling by the Y virus. 


TABLE 2.—The effect of vein-banding upon yields of potato varieties, Pullman, Wash., 
1938 
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| 
| First year in field ! Second year in field 2 
Variety Average yield per hill | Average yield per hill 
Hills | Hills | 
observed | observed 
| Total | U.8. No. 1 | Total | U.S. No.1 
Number | Pounds | Pounds Number | Pounds | Pounds 

U. 8. D. A, 46000.......--22.. 71 | 2.0 | 1.7 69 | 0.5 0.4 
ee oe 64 | 2.4 2.0 53 | 1.0 oh | 
Houma. ..-.- 64 | 2.5 1.9 70 | +7 3 
Katahdin 69 | 3.8 2.9 55 | 3.6 | 2.7 

| | 





1 New stock obtained from the U. S. Department of Agriculture for 1938 planting. Field records early 
in the growing season showed no vien-banding. 

2 Stock saved from 1937 trial plots in Pullman. The Katahdin variety was carefully rogued in 1937, 35 
percent of the plants having become affected with vein-banding. The other varieties became 100 percent 
affected with vein- banding in 1937 and were not rogued. 
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EFFECT OF VEIN-BANDING ON TUBER YIELDS 


The effect of vein-banding on tuber yields was obtained during the 
season of 1938 on a number of varieties in the field planting, as shown 
in table 2. An analysis of the results of these tests shows that vein- 
banding reduced the yields of U.S. D. A. 46000, Earlaine, and Houma 
75, 58, and 72 percent, respectively, in the second season following 
100-percent infection with the virus. Only 5-percent reduction in 
yield was noted in the rogued Katahdin stock. 


RESISTANCE OF SEEDLINGS TO MECHANICAL INOCULATION 


In order to reduce the population to be planted in the field and to 
determine if mechanical inoculation could be used as a criterion of 
susceptibility, the seedlings that were started in 1938 and 1939 were 
mechanically inoculated with the Y virus in the greenhouse soon after 
they were transplanted to the beds. A period of 30 to 45 days was 
allowed before roguing the affected plants and transplanting the 
symptomless (resistant) plants to the field. Since the susceptible 
plants showed symptoms in 15 to 25 days following inoculation, all 
plants that would develop symptoms from the mechanical inoculation 
probably showed the infection and were rogued in the greenhouse. 
Observations made 10 to 12 days after the symptomless plants were 
placed in the field failed to show any affected plants which indicates 
that only healthy plants or possibly those with masked symptoms were 
taken into the field. 

The results recorded in table 3, where the tests are summarized 
according to the parents used in seed production, show that some lots 
of seedlings were 100 percent susceptible to mechanical inoculations 
with the Y virus, while others were somewhat resistant; but none of 
the seedling lots showed immunity to infection. Seedling lots pro- 
duced from seed of which Katahdin was a parent consistently showed 
some resistance to infection. Based on Katahdin selfed seedlings 
showing 54-percent resistance, it appears that higher percentages of 
resistance were obtained by crossing Katahdin with Ackersegen, 
Imperia, Sebago, and U. S. D. A. 41956, and that reduced resistance 
was obtained by crossing Katahdin with Earlaine-Sebec, Earlaine- 
Charles Downing, and Houma. The use of Green Mountain, No 
Blight, and Albion in crosses with Katahdin did not materially 
change the resistance of the seedlings as compared with Katahdin, 
selfed seedlings. 


RESISTANCE OF SEEDLINGS TO FIELD INOCULATION 


The results of the field tests with seedlings (table 3) show that me- 
chanical inoculation with the Y virus does not record the complete 
susceptibility of seedling lots since greater susceptibility was observed 
in the field beyond that noted in the greenhouse following mechanical 
inoculation. Mechanical inoculation in the greenhouse, however, 
appears to indicate the relative susceptibility of seedling lots. 

Only seedlings having Katahdin as a parent showed resistance to 
vein-banding in the field. Crossing Katahdin with Sebago or 
U.S. D, A. 41956 appeared to increase the percentage of resistance over 
that of Katahdin, selfed seedlings, but a consideration of the standard 
deviation shows that these increases are not significant. 
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TABLE 3.—Summary of tests to determine the resistance of potato seedlings to vein- 
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Seed | Seedlings greenhouse ? bared Clones 
Parentage of seedlings lots | and clones |___ + 7 rogued for 

tested | observed 2 field | curly tops 

come | Resistant 

Num- Num- 

McCormick: ber Number ber Percent Percent Percent 
ac re CE es 1 if RRS CS | 3 SRR 
BEE DOONUNOE So ence cnc uscucacecs ll 1, 100 177 4.0 "PR RS 

tintin tice sank nlnbienact 4 |g, CSR SaFt WSS P >) Ree 
Keeper, Early Norther___..__.__-_- 2 9 Dearie Ceara pS ee 

Keeper: 
eed i ag 3 466 131 0 ty Celene 
Jersey Red Skin................... 1 BPG ae pas Sh OE Ee ae 
American Wonder. -..............-- 3 |S RSE Ney aa PP EO Aa ee 

3 252 183 0 < \ Rae os 
9 eg PORN Eres Dees [3 eRe 
4 ___ | Eee eee 7 e } See ee 
3 1,077 | 1,077 Pi IF peace ewe > See 
1 70 870 54.4 -0 20. 1 
1 (360) 360 43.4 (.0) 17.3 
1 ESSE oF hs, PR ae Mp RRO 
Hindenburg, Ostragis_..___.....__. 1 (198) 198 55.4 (.0) 6.9 

Katahdin: 

SERGE SAE lec 28 | 4,754 (180)} 2,739 |6 §4.146.8 | 6 4,442.68 | §32.4+421.0 
Green Mountain_._.............._- 4 |3, 765(1,033)| 3,765 44.5 2. 8(0) 13.8 
iis oka hcacuinkeclens 7 | 1,568 (576 813 58.5 4.9 (2.3) 20.4 
CATERER 2 (72) 612 74.8 8.2 (1.4) 59., 
U.S. D. A. 41956____- nie 4] 1,145 (354)| 1,145 72.6 7. 4 (4.2) 35.0 
PR onadndennntinn Oe. 2| 1,740 (540)| 1,740 27.4 1.2 (.7) 10.1 
Ackersegen -- 1 58) 58 74.0 (.0) -0 
Imperia._.....- Fe 1 (493) 493 |° 82.8 (3. 4) 34.8 
pS RE B 1 (473) 473 55.2 (.8) 16.8 
Earlaine, Sebec._._.........-- 2 455 (303) 455 29.0 -0(.0) 20.0 
Earlaine, Charles Downing. ____-._- 1 (432) 432 5.3 (.0) 38.9 
Carmen No. 3, Bussola, Rural 

New Yorker No. 2.._.--...-._-- 7 |2, 766(1, 598)} 2, 695 13.8 2.3 (.0) 36. 1 
Yellow-fleshed variety from Costa 

Rica, Aroostook Wonder, Sut- 

ton Flourball, Rural New York- 

SE Se eS a ice cencons 6 84 84 48.8 4.7 18. 2 





1 The following crosses with than 50 seedlings in each lot were also observed in the field and failed to 
show any clonesresistant to vein-banding. McCormick crossed with American Wonder, Beauty of Hebron, 
Burbank, Early Norther, Early Six Weeks, Irish Cobbler, Jersey Red Skin, Keeper, Late Rose, McKinley, 
and Mortgage Lifter. Keeper crossed with Burbank. Late Rose, selfed, and crossed with American 
Wonder and Burbank. Early Norther, selfed. Katahdin crossed with American Wonder, Burbank, 
Chippewa, Early Norther, Eureka, Irish Cobbler, Keeper, and McCormick. 

2 Figures in parentheses show data collected on tests made for only 1 season. All other figures indicate 
that data are summaries of observations through 2 or 3 seasons. 

3 The seedlings were mechanically inoculated with the vein-banding virus in the greenhouse. A period 
of 30 to 45 days was allowed following inoculation before roguing the diseased plants and transplanting the 
symptomless (resistant) plants to the field. 

4 Clones showing less than 30 percent of infection were classed as resistant, and the percentage of clones 
resistant in the field was calculted on the total number of seedlings and clones of each parentage that was 
observed in the greenhouse and the field. 

5 Curly top caused by the leafhopper-transmitted virus that is associated with curly top of beets became 
a factor in the experimental plantings in 1938 and 1939. The percentage of clones rogued for curly top was 
calculated on the number of clones exposed to infection in the field. Lack of data shows that the tests were 
made previous to 1938 before curly top appeared as an important factor in the experimental plantings. 


* Standard deviation of the mean. 8. D.=4/ 2@, 
a1 


As was shown in the mechanical-inoculation tests, Earlaine-Sebec 
and Earlaine-Charles Downing crossed with Katahdin reduced the 
resistance of the seedlings in comparison with that obtained in seed- 
lings from Katahdin, selfed parentage. 

An example of the resistance shown in the field tests may be stated 
as follows: Of the 776 seedlings started in 1936, 89 were saved as 
resistant or promising and grown again in the field in 1937. The 
observations in the field in 1937, as well as indexing 5 tubers per clone 
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in the greenhouse during the winter of 1937-38, showed that only 
18 of the 89 clones continued to show high resistance to vein-banding. 
The 18 resistant clones were grown in the field in 1938 and again in 
1939 and were carefully rogued each season. Field observations on 
the 18 varieties during the last 2 seasons have shown vein-banding 
as follows: In 1938, 7 were virus-free, 6 showed less than 10 percent, 
and 5 showed less than 30 percent of the plants infected; in 1939, 7 
were virus-free, 5 showed less than 10 percent, and 6 showed less than 
40 percent of infection. 


RESISTANCE OF POTATO VARIETIES TO FIELD INOCULATION 


A quantity of tubers, as well as single drops of named and num- 
bered varieties of potatoes recently developed by the United States 
Department of Agriculture, were planted in the same planting with 
the seedlings. If a quantity of the tubers of the varieties was fur- 
nished, 95 hills per variety were planted in triplicate. The following 
varieties became 100 percent affected with vein-banding in 2 years: 
Earlaine, Golden, Houma, 41956, 46000, 46110, 46125, 44537, 47154, 
and 47160. Under similar conditions the percentage of infection 
for the following varieties was: 46842, 0; 47208, 0; Chippewa, 1.9; 
47196, 2.8; Katahdin, 12.9; 47296, 13.2; 336-123, 19.4; and Sebago, 
1 ogee 

The results of tests with single drop tubers of numbered varieties 
recorded in table 4 show that selfing Earlaine or crossing Earlaine 
with Katahdin or U. S. D. A. 41956 gave seedlings of reduced re- 
sistance as compared with seedlings produced from selfing Katahdin 
or crossing Katahdin with No Blight or U. S. D. A. 41956. These 
results are in accord with those obtained by mechanical inoculation 
and by field tests with seedlings. 


SEED TRANSMISSION OF THE Y VIRUS 


Observations on the seedlings produced in the greenhouse (tables 
1 and 3), many of which were grown from seed collected from vein- 
banding-affected plants, failed to show any indication that the Y 
virus is seed transmitted. 


TABLE 4,—Tests with single drops of numbered varieties to determine resistance to 
vein-banding, Pullman, Wash., 1939 





Hills ob- | Hills virus- 
free ? 


Parentage of single-drop tubers ! ‘server 








Number Percent 
(ECE SERIES SOON SE: Ailing chen eager ape APRN Ate ae ame ne a 29 0.0 
ESN ERE © RRP TR Saas ai ge Pee cg re crt ae at te Sadar cee pee Ea 32 3.1 
Earlaine X Katahdin ets 80 5.0 
ES ee auc ei LR Nabe ie eee dain w btoaune bake 37 18.1 
Tn ie a a Oo ee a 88 21.6 
PIE Dy) Ag Wc Be Ag RI oo ors ae Secoencecsawkaboscenuoucheaccuesscees 74 25. 7 











! Single-drop tubers of numbered varieties furnished by the U. S. Department of Agriculture. 
? Planting observed and rogued 3 times during growing season. The last observation was made Oct. 6, 
1939, 3 days before harvest. 


RESISTANCE TO CURLY TOP 


A serious disease appeared in the potato planting in 1938 and 1939 
which showed as dwarfing and erectness of the plants, rolling, harsh- 
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ness, and reddening of the foliage, and extreme dwarfing and increase 
in the number of tubers (fig. 3). The disease was very severe in the 
seedling planting, often killing the affected plants and making it 
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Figure 3.—Curly top of Katahdin, selfed seedling from experimental plot, 1939. 


difficult to obtain definite data on susceptibility to vein-banding. 
The general appearance of the disease resembled that associated with 
os yellows or aster yellows, but frequent observations and the 
collection of prevalent insects failed to show the presence of the insect 
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vectors of these two diseases. The fact that aster yellows has never 
been recorded in the immediate vicinity of Pullman is further evidence 
that the aster yellows virus was not the causal agent. 

The prevalence of curly top in tomato plantings adjacent to the 
potatoes and the heavy infestation of Hutettix tenellus (Baker) on the 
potato plants indicated that the curly top virus was responsible for 
the symptoms. The virosis known as curly top of beet, which is 
transmitted by the leafhopper E. tenellus, has been reported on 
potato by Severin (13) who states: “Further experiments will show 
whether tuber transmission of curly top occurs in potato.” 

Tubers collected in the field from 25 potato plants affected with 
curly top were planted in the greenhouse in the winter of 1938-39. 
This stock produced 3 plants showing spindly sprouts, erectness, 
inward rolling, and yellowing of foliage which indicates only a low 
percentage of tuber transmission. Healthy tomato scions were 
grafted onto the affected potato plants, and typical symptoms of the 
common tomato curly-top disease developed on the tomato. 

The data collected on the prevalence of curly top in the seedlings 
(table 3) show wide variation; however, the large standard deviation 
of the mean indicates no significant differences in susceptibility of the 
seedling lots. 

Curly top of tomatoes has been prevalent adjacent to the potato 
plots each year since the potato project was started. Observations 
in commercial and garden plantings of the Katahdin variety in the 
vicinity of Pullman, in 1938 and 1939, showed 8 to 10 percent of the 
plants affected with curly top. The fact that the disease was not 
important in the potato planting until 1938 and 1939 coincident with 
the general use of Katahdin as a parent in the seedlings would indicate 
that possibly Katahdin and Katahdin progeny are more susceptible 
than other varieties. 


RESISTANCE TO TOBACCO MOSIAC 


Allard (1), Dickson (4), Clinton (3) and Schultz and Folsom (/2) 
have reported unsuccessful attempts to infect potatoes with the 
tobacco mosaic virus. Johnson (7) obtained local necrotic lesions on 
the inoculated leaves of Bliss Triumph but concluded that tobacco 
mosaic did not become systemic in the potato. Fernow (5) reported 
symptoms on potato closely parallel to those of streak of potato and 
obtained systemic infection with tobacco mosaic on the Green Moun- 
tain variety. Blodgett (2) showed that tobacco mosaic produced 
different symptoms on certain varieties of potatoes, the Rural New 
Yorker No. 9 being especially susceptible, and that on some varieties 
already affected with the latent virus, streak symptoms appeared. 
Folsom and Bonde (6) have shown that tobacco mosaic can infect 
Green Mountain potato plants, producing symptoms rather like 
those of the potato streak disease. 

The susceptibility of a number of potato varieties and seedlings to 
infection by the tobacco mosaic virus has been determined by inocula- 
tion in the greenhouse of the State College of Washington. Tobacco 
mosaic virus No. 1 obtained from Dr. James Johnson of the University 
of Wisconsin was used in all of the tests. The virus was inoculated 
into tobacco plants in 1929, and the diseased plants were harvested 
and hung in a shed adjacent to the greenhouse. Portions of this 

239804—40——5 
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material which had been dried for 10 years were used to inoculate 
young tobacco plants, and the newly affected tobacco plant tissue was 
used as inoculum on the potato plants, according to the method de- 
scribed by Jones (8) supplemented by the sprinkling of carborundum 
dust on the foliage to be inoculated previous to inoculation (10). 

The results of inoculations (table 5) show that plants of the Rural 
New Yorker No. 9 variety and seedlings produced from crosses of 
Early Norther X McCormick and Irish Cobbler « Keeper were some- 
what susceptible, but that plants of the varieties Early Rose, Chip- 
pewa, Green Mountain, Irish Cobbler, Katahdin, and seedlings from 
selfed Earlaine, selfed Katahdin, selfed Keeper, and Katahdin crossed 
with Houma, Sebago, or U. S. D. A. 41956 were immune to tobacco 
mosaic when mechanical-inoculation methods were used. The 
symptoms shown by potato seedlings affected with tobacco mosaic 
varied from distinct mottling with large, raised, dark-green areas 
(fig. 2, A) to extreme necrosis (fig. 2, B) depending upon the reaction 
of the individual susceptible seedling. Affected plants of the Rural 
New Yorker No. 9 variety showed leaf and stem necrosis similar to 
potato streak symptoms. 


TABLE 5.—Summary of tests to determine resistance of potato varieties and seedlings 
to tobacco mosaic ! 























Variety or parentage of Plants in-| Plants in- Variety or parentage of Plants in-|Plants in- 

i oculated fected seedling oculated | fected 

Number | Percent | Number | Percent 
SN CNN es oo es 31 0.0 || Early Norther X McCormick. 538 19.3 
| eee 2 .0 || Irish Cobbler X Keeper_____- 179 4.5 
Green Mountain. --______---- 33 .0 || Katahdin, selfed_._...__.____- 444 .0 
en | ees 33 .0 || Katahdin X Houma.________- 108 .0 
Katahdin____..____. “ ange 408 .0 || Katahdin X Sebago_....______ 108 .0 
Rural New Yorker No. 9-_-_-_--- 20 | 15.0 || Katahdin X U.S. D. A. 41956. 108 .0 
Earlaine, selfed_............-- 108 0.0 || Keeper, selfed................ 48 .0 








1 Tobacco mosaic virus No. 1a from tobacco plant that had been inoculated from tobacco tissue that had 
been dried for 10 years. An equal number of uninoculated control plants in each test failed to show sym- 
toms of tobacco mosaic. 


During the winter of 1937-38, 10 tomato scions were grafted onto 
10 selfed Katahdin seedlings. The tomato scions were subsequently 
inoculated with tobacco mosaic. The symptoms of tobacco mosaic 
appeared on the tomato foliage, and definite mottling with large dark- 
green areas followed by necrosis of the light-green areas showed on the 
foliage of the potato seedlings. Inoculations from the affected potato 
foliage to tobacco plants showed the presence of tobacco mosaic in the 
potato foliage. Tubers collected from the mosaic-affected selfed 
Katahdin potato plants were planted in the greenhouse along with 
tubers collected from the Early Norther < McCormick seedlings 
affected by tobacco mosaic. The plants produced from the Early 
Norther X McCormick seedling tubers showed strong svmptoms of 
tobacco mosaic but those from selfed Katahdin tubers failed to show 
any symptoms of the disease. Inoculations with potato plant tissue 
from the 2 lots of plants verified the presence of the tobacco mosaic 
virus in the Early Norther * McCormick seedlings and its absence 
from the selfed Katahdin seedlings. These results show that the 
selfed Katahdin seedlings were susceptible to infection by the tobacco 
mosaic virus through grafts with mosaic-affected tomato scions but 
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that the virus was not transmitted through the tubers produced by 
affected plants. 


RESISTANCE TO LATENT MOSAIC 


Schultz et al. (/1) report that leaf-rubbing, tuber-grafting, and 
field-contact tests failed to produce infection by the latent or X virus 
in the potato variety U. S. D. A. 41956. The same authors further 
report that Katahdin was resistant to latent mosaic in field tests, but 
contracted the disease in tuber-graft tests where it was expressed as 
top necrosis. The report of Smith (14) shows Katahdin to be sus- 
ceptible to infection by the X virus by the rubbing and leaf-scratch 
methods of inoculation, the resultant disease showing as circular 
necrotic lesions followed by a mild mottling of the topmost leaves, 
while the other leaves developed a curious network of faint necrotic 
lines most pronounced on the under surfaces. 

Inoculations to determine the susceptibility of Katahdin to infection 
by the X virus have been made at different times over a period of 
years. In the earlier tests with the X virus from Russet Burbank 
and Green Mountain plants, Katahdin was shown to be immune to 
infection by mechanical inoculation (table 6). 


TABLE 6.—Summary of tests to determine the resistance of Katahdin to mechanical 
inoculation with the latent or X virus 




















fc: ; Plants infected by the latent 
Original source of the Source of virus for the ee WaERS 
virus inoculation test p ard 
Number ! Symptoms 
Number 
Russet Burbank-_--______- Russet Burbank. __.__.._.__-- 19 0 | None. 
Do oe MSs Tobacco-.- bd pt Os Pei tea Bie 10 0 To. 
Green yer + a Ri” Sa Seen AE Se x 10 0 Do. 
Seedling 2277._........... é SEE) EBA OE: 4 4 | Mottling, crinkling. 
OATS ees Fa Se -| Katahdin. - CRE Built Fe 15 15 Do, 
Bees pu J. Datura stramonium....-__--_. - 20 20 Do. 
WOM ct sbceser cece skye MIMIMOCU ES Ss Secs ecw 24 0 | None. 








! Based on symptoms shown by each pe and inoculations to tobacco plants with potato plant tissue, 
alone and in combinaiion with the vein-banding virus. 


During the winter of 1933-34, four Katahdin plants were inoculated 
with a virus that appeared in seedling 2277, and very definite mottling 
of the foliage resulted (fig. 4). Further tests showed that the causal 
virus was definitely of the X type based on the following characters: 
Thermal inactivation, 68'to 70° C.; produced spot necrosis of tomato 
and tobacco in combination with the vein-banding virus; caused 
systemic infection in Datura stramonium (fig. 5); and retained all of its 
original characters after passage through D. stramonium. 

In further tests on Katahdin this variant of the X virus consistently 
produced 100-percent infection in mechanical inoculations. The dis- 
ease has been perpetuated through three generations of tubers and 
continues to.show the same severe mottling without necrosis. The 
disease has been observed only on the experimental plants in the 
greenhouse. The original source of the virus is unknown beyond the 
fact that it appeared in plants of seedling 2277 developed from Early 
Norther X McCormick. 








642 Journal of Agricultural Research Vol. 60, No.9 





Ficure 4.—-Mottle of Katahdin leaves produced by inoculation with the X-type 
virus obtained from seedling 2277. 





B 


Figure 5.—- Mottle of Datura stramonium (A) and tomato leaves (B) produced by 
inoculation with the X-type virus obtained from potato seedling 2277 compared 
with mottle of D. stramonium \eaf (C) produced by inoculat‘rn with the X 
virus from Green Mountain potato. 
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The tests with the X virus, as shown in table 6, show that Katahdin 
is resistant to infection by the common X virus found in Russet 
Burbank and Green Mountain potatoes, but susceptible to the X virus 
from seedling 2277. 

SUMMARY 


The vein-banding or Y virus, which is the destructive element in 
rugose mosaic, produces marked variation in symptoms depending 
on the reaction of the individual seedling and may reduce yields of 
susceptible varieties as much as 75 percent. 

Some lots of seedlings were 100 percent susceptible to mechanical 
inoculation with the Y virus, while others were somewhat resistant 
and none of them showed immunity. Seedling lots, produced from 
seed of which Katahdin was a parent, consistently showed some 
resistance to infection by mechanical inoculation with the Y virus; 
and crosses of Katahdin with Ackersegen, Imperia, Sebago, and 
U.S. D. A. 41956 appeared to transmit greater resistance than did 
selfing Katahdin. 

Mechanical inoculation with the Y virus did not show the complete 
susceptibility of seedling lots since greater susceptibility was ob- 
served from natural inoculation in the field. 

Only seedlings having Katahdin as a parent showed resistance to 
vein-banding in the field, and no significant increase in resistance over 
that shown by selfed Katahdin was obtained by crossing Katahdin 
with other varieties. 

Many named and numbered varieties of potatoes became 100 
percent affected with vein-banding in two seasons in the field, while 
others, including Katahdin, showed less than 32-percent infection 
under similar conditions. 

Tests with single-drop tubers showed that selfing Earlaine or cross- 
ing Earlaine with Katahdin or U. S. D. A. 41956 gave seedlings with 
reduced resistance to the Y virus as compared with seedlings pro- 
duced by selfing Katahdin or crossing Katahdin with No Bhght or 
U.S. D. A. 41956. 

Observations on thousands of seedlings produced from seed col- 
lected from vein-banding-affected plants fail to show any seed trans- 
mission of the Y virus. 

The virus which causes curly top of beets was very prevalent in 
the field, but no significant difference in susceptibility was noted in 
the seedling lots. 

Plants of the Rural New Yorker No. 9 variety and seedlings pro- 
duced from crosses of Early Norther < McCormick and Irish Cobbler 
X Keeper were susceptible to mechanical inoculation with tobacco 
mosaic, but all the other varieties tested, including Katahdin and 
other seedlings including crosses with Katahdin, were immune. 

Selfed Katahdin seedlings were susceptible to infection by the 
tobacco mosaic virus through grafts with mosaic-affected tomato 
scions, but the virus was not transmitted through tubers collected 
from affected plants. 

Katahdin was immune to infection by mechanical inoculation with 
the X virus from the Russet Burbank and Green Mountain varieties, 
but was susceptible to a variant of the X virus obtained from potato 
seedling 2277. 
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